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single vision prescriptions. 
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puted lenses 
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enthusiastic customers attest to the over 
whelming acceptance of this new Tillyer 
58mm. Round Single Vision Series. Try 5% 
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The FINK NEAR VISION 
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Ihe central hypothesis has often been accepted. as a makeshift, when peripheral analy 
sis has been judged impossible Thus the difficulty of explanation was avoided by 
transferring it to a region where. nothing being clear. all appeared possible 

Henn Preron 

One of the most fascinating areas in visual science is the study of 
the conversion of appropriate energy into those nerve messages which 
trigger an awareness of our visual environment. It ts fairly easy nowa 
days to demonstrate that, under certain conditions, stimulation of the 
retina results in a recordable electric activity in those nerve elements con 
ducting to the occipital lobe. ‘These electric changes have a character 
and individuality which lead us to believe that they are the components 
of a coded message. Such a view ts strengthened by the observed simi 
larity of the electric events to various sensory aspects of vision such as 
flicker, adaptation and threshold measurements 

The conversion of energy within the retina must, consequently 
be accomplished in such a manner that a definite isomorphism will be 
retained between the totality of events in the visual field and the char 
acteristics of the nervous message which represents it. Such an tsomor 
phism 1s insured on the one hand by the rather rigorous arrangement of 
optical elements of the eyeball and, on the other, by the discreteness and 
configuration of the nerve fibers within the visual pathway 

It is quite apparent, therefore, even from a preliminary inspection 
that this energy conversion problem is not a simple one. While the 
physicist has worked out many of the optical aspects of the problem 
and the neuro-anatomist has supplied data concerning the arrangements 
and connections of neurons within the visual paths, we have relatively 
litthe knowledge regarding those events which mediate between the 
two 

Ihe conversion of the adequate stimulus, namely, radiant energy 


*Submitted on October 8 1955. for publication in the bebruary 156, issue of th 
AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN 
ACADEMY OF OPTOMETRY 

tOptometrist. MS.. D.O.S.. Chairman. Department of Biological Sciences Fellow 
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of specific intensity and wavelength, into nerve impulses seems to involve 
two distinct steps. In the first step, the radiant energy, after having 
been filtered through the ocular media, 1s absorbed by the photoreceptor 
cells—the rods and cones. Here, a photochemical reaction takes place, 
the extent of which is quantitatively related to the total number of 
energy quanta absorbed. In the second step, the photochemical reaction 
sets off a series of events which culminate, as a result of electron trans 
fers, in those electric disturbances concomitant with neural activity 
While most modern students of vision accept, at least in part, the 
photochemical interpretation of the initial events of the light sense 
process, it has not been immune to criticism. This criticism has been 
directed particularly at certain constants in the photochemical equations 
I hese constants were determined by fitting the equations to empirical 
data. However, the fact that such equations contain constants seems to 
reflect nothing more than the logical consequence of searching for the 
invariables’ in nature” [he numerical values of such constants can, 
after all, only be obtained by comparing the equations to empirical data 
Different experimental investigations have not lead to the same numerical 
values. [his results from two causes. First, the data of investigators 
have not been comparable with respect to the factors which can be con 
trolled) One is reminded of a similar situation in physical chemistry 
with respect to equations of state. The behavior of actual gases as com 
pared to an ideal gas can be described by a number of equations ( with 
varying numbers of constants) which are more or less complete, critical 
and detailed, depending on the nature of the data and the use to which 
they will be put. Second, it seems to have been forgotten that such 
photochemical equations often reflect only inductive reasoning from a 
model When a model is postulated to account for a large number of 
experimental facts, 1 does not necessarily depict the real state of affairs 
It is nothing more than the representation of ordered but as yet unex 
plained phenomena in terms of concepts already understood. Such a 
view allows for the possibility of alteration in the model structure with 
out invalidating the experimental facts on which it ts based 


Ihe photochemical view of photoreceptor processes is still largely 


in the model stage for many reasons to be described. No one seriously 


doubts that the initial visual reaction is photochemical but rather the 
quantitative details have been questioned. Nevertheless, we can agree 
with Adler (1950, p. 467) 


Ihe photochemial theory has proven a useful tool in the acquisition of knowledge 
n this field) It will not have st any of us value if. in the future, ut is found inade 
juate to explain the mor mpliated processes occurring in human photoreception 
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Having disposed of these preliminary objections one may examine 
some problems which are more to the point. Clearly, a photochemical 
theory depends to a great extent on the assumption that rhodopsin and 
iodopsin (or at least some photochemical in the cones closely related to 
the rod substance) are the basic triggers which initiate the nerve impulses 
Thus, any attack on the role played by these photochemical substances 
is a severe blow to any photochemical model. 

In 1942, Walls (p. 75) wrote: 

Rhodopsin is still widely regarded as the absolute essential photochemical sub 
stance for rod activity. Even this is an unnecessary beliet, since rhodopsin may be noth 
ing more than a sensitizer, so powerful that its action masks that of another essential 
material so completely that the brightness ot lights are directly related to their effects 
upon rhodopsin 

In a similar vein, Hartridge( 1950), in reviewing the recent ex 


perimental evidence comes to the following conclusion (p. 385) 


Returning now to visual purple. we know that it is bleached by light but in view 
of what has been stated above. the idea which presents itself is that this bleaching is an 
unwanted side effect which is not fundamental to vision: and that a more permanent 
dye might be expected to produce the same or even better results 


Now, in part, the evidence to which Hartridge refers is that pre 
sented by Bliss (1948). Bliss isolated the red pigment of the squid eye 
which he named Cephalopsin. He found this pigment to be light-stable 
in solution but photosensitive in the presence of protein denaturants 
such as alcohol and formalin. The end product appears to be Retinene 
From this, Bliss concluded that the bleaching of visual purple is a special 
ization, the absence of which may have no direct bearing on the efficiency 
of a visual pigment. Wald (1951) however identified Cephalopsin with 
the recently isolated meta-rhodopsin thus accounting for its properties. 
Hartridge points to two other facts to support his conclusion. First, 
a large amount of light is required to bleach visual purple rapidly and 
second, in the case of photographic plates, permanent and not light fugi 
tive dyes are employed to confer light sensitivity 

With regard to the first point, Wald has shown, however, that 
the light reaction is essentially the bleaching of rhodopsin to lumi 
rhodopsin, a process requiring littie time and presumably little energy 
As regards the second point, photographic plates exposed to light result 
in a ‘latent, almost invisible image which develops only after the 
slower dark reactions. A similar change occurs in the retina when lumi 
rhodopsin is produced (Wald, 1951) 

The outstanding stumbling blocks for a photochemical theory 
continue to be (1) lack of information regarding the cone substance and 
the nature of chromatic brightness discrimination and (2) the manner 
by which the decomposition products of rhodopsin as well as the cone 
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substance act as nervous excitors. Although these objections are uni 
versally recognized, we can agree with the observation made by Tansley 
in 1939; 


It is on circumstantial evidence only that we base the belief that our visual per 
eptions at low illumination are the result of the reaction of visual purple to light. If 
however, we take all the facts together, not only do they make an extremely convincing 
we. but, up tll now. nothing has emerged from the study of visual purple which 


might cause us to look on this theory with suspicion 

I he researches of Hecht and his co-workers since 1918 have, with 
out doubt, been the greatest impetus for the photochemical interpreta 
tion of a large number of visual functions. Hecht's basic studies were 
summarized by him in 1934 and 1937. They were primarily confined 
to the visual responses of certain invertebrates, “Mya,” a clam and 

Ciona’ a sea squirt. Both of these organisms respond to light by a 
qualitatively invariable retraction of their syphons. They are thus 
convenient for studying the effect of light stimulation on relatively 
simple visual systems which are further uncomplicated by neural inter 
action effects and therefore, are more likely to be restricted to pure photo 
chemical processes 

With Ciona, intensity was varied and the time necessary to just 
cause a response was measured) With Mya, the time was varied and the 
least intensity was measured. The product | x t, for short flashes, was 
found to be a constant in both cases, being 5.62 m.c.—seconds for Mya 
and 4.75 x 10° me.—-seconds for Ciona. Further, the temperature 
coefficients of the reactions were found to coincide with those charac 
teristic Of simple photochemical reactions (Hecht, 1925) 

Ihe interval from beginning of exposure to the beginning of the 
resultant response is called “Reaction Time’ and is a constant value 
under constant conditions. It varies inversely with intensity but may 
not be reduced to less than 1.5 seconds (for Ciona) which represents 
its minimum duration or the maximum rate of the underlying reaction 
For a constant intensity, if the exposure time is shortened, the reaction 
time will not change, up to a critical value—the “Sensitization Period.’ 
l:xposures shorter than this critical sensitization period will cause the 
reaction time to increase 

On the basis of these time relations, the reaction time 1s considered 
to be composed of two sub-parts. (1) A sensitization period during 
which the animal must be exposed (for minimum reaction time) and 

2) A “Latent Period” during which it need not be exposed for a 
response to occur. The latent period is clearly uninfluenced by light 
since it may occur in the dark while the sensitization period ts directly 
influenced by the stimulating light: the higher the intensity, the shorter 
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the sensitization period——within the limits of the Bunsen-Roscoe Law 

In view of these results, it was postulated that two more or less 
independent reactions were involved in each of these time intervals. The 
sensitization period represents the time for the accumulation of photo 
chemical decomposition products and the associated removal reaction 
The latent period which takes up most of the reaction time is occupied 
by a secondary process. This latent period time interval may be due to 
the fact that (1) the decomposition products are produced at one point 
in the sense cell and are effective at another, a physical diffusion process, 
or (2) it is taken up by a secondary non-photic chemical process (since 
it may occur in the dark). 

In order to decide which of these two alternatives was the more 
likely, Hecht subjected the system to a temperature change and measured 
the velocity of the latent period. If, for example, the reaction followed 
quantitatively the equation of Arrhenius 

Ve u l l 

loge (1) 

V, R 
this would be in accord with the second (chemical) alternative. In the 
equation V, and V, are the velocity coefficients at the absolute tempera 
tures IT, and T.:; R is the gas constant (in heat units) and u is the 
energy of activation. It was found that u 19.680 calories and cor 
responds to a temperature coefficient of about 2.7 which ts in accord 
with the chemical rather than the diffusion alternative of the latent 
period process, the products of which accumulate in the sense organ and 
set off the afferent stimulus to the central nervous system. Such a 
mechanism accounts ideally for the ‘trigger’ like response in which a 
relatively small amount of radiant energy sets off a considerable neural 
effect 

The symbolic representation of these reactions as postulated by 


Hecht looks like this 


(P a) 
(2) 
Prigary Reaction Beconmuery heaction 
(Sensitizetion Perica) (Latent Periou) 


Tise 
S is the photosensitive substance: P and A are the decomposition 
products; L. is an inactive substance activated in the presence of P A 
and T is an active agen: capable of initiating the nerve impulse 
Hecht pointed out that the primary reaction may be pseudo rever 


sible of the form: 


= 
A 
4 
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S P+ B (3a) 


P+A+ (3b) 

In this form the cycle 1s not closed since a substance which is not one 
of the decomposition products is required in the rebuilding process 
If this were not the case, vitamin A deficiency, for example, would have 
no deleterious effect because all of the necessary vitamin would be avail 
able from the decomposition process. Since such a deficiency can be 
shown to raise significantly the visual threshold, the cycle cannot be 
closed) ‘The rebuilding process must then require either an entirely new 
substance or the refurnishing of substances such as vitamin A which 
once formed, are dissipated into the contiguous tissue 

Ihe rate of the secondary reaction (1 » TL) as dependent 
on the concentration of P| + A which Hecht calls ‘x’ and x is in turn 
dependent on the intensity, |, and the time, t, within the limitations of 
the Bunsen-Roscoe law as applied to the primary photochemical reac 
tion. The sensitization period was found to be governed by this law 
for short exposure times (less than } milliseconds) and for intensity 
values below a certain minimum (the absolute intensity threshold) 
I hese relations for Mya are given in Table | 


TABLE 
t 
4 0 104 ».62 
0.074 
0.030 > 
23% 0.02% > 47 
+34 0.016 


Relation between intensity, |. and time. | 
for short exposures to produce a minimal 
sensory response in the clam Mya After 
Hecht, 1919 


I his illustrates that for a given photochemical effect E (or concentra 
tion xX) a constant, minimum amount of energy ts necessary regardless 
of its time distribution 
[xt ( (4) 
If esther the intensity or the time is increased, while the other 
remains constant, the photochemical effect will be greater, x will be 
higher and the rate of the secondary reaction proceeds faster. As a result 
the latent period ts shortened and so is the reaction time of which 1 
is a part within the limits defined above. It was found experimentally 
that when the reciprocal of the sensitization period of Ciona 1s plotted 
against intensity, a straight line relation its obtained. Similarly, the 
reaction time varies inversely with intensity. The latent period 1s, of 
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course, inversely related to the rate of the secondary reaction which 
being dependent on x, makes the latent period similarly ( but indirectly ) 
related to the light intensity. An analogous argument may be presented 
when time is substituted for intensity 

When the secondary reaction proceeds faster as the result of an 
increase in either time or intensity, more T must accumulate which will 
presumably result in a greater frequency of nerve impulses to the higher 
visual centers. Since this frequency determines the experienced brightness 
we have 


Prequency Brichtness (5) 
LeP. 


Rate, t™ 

Now. when we introduce a proportionality constant (K) into equation 
> we derive 

Experienced brightness KI 

Equation 6, however, at least suggests the Fechner function* which can 


(60) 


be derived by experimental sensory methods 

We have seen that below a certain intensity value no response (con 
traction of syphon) wall occur regardless of the length of the exposure 
time. At this ‘absolute intensity threshold” (also expressable as a cer 
tain value of x. say x,) the decomposition products whose concentration 
is initially less than x, do not accumulate (as, for example, the do in a 
photographic plate). A photographic plate may be bleached by infinites 
mal intensities providing only the exposure time 1s long enough 

An analogy may be helpful. If one wishes to fill a bathtub whose 
outlet pipe is not covered, then the rate at which the fluid enters must be 
at least a certain minimum determined by the size of the uncovered 
outlet pipe. Fluid entering at a rate less than this minimum will never 
fillthe tub. In the retina this minimum flow rate 1s the absolute intensity 
threshold or the ‘internal’ threshold of the sense cell. The open hole 
in our bathtub may represent one of two things. Either (1) the de 
composition products are entirely dissipated and lost into the contiguous 
tissues at a certain rate or (2) they recombine (with some minor new 
additions) to form the original photosensitive substance In order to 
decide between these two alternatives, Hecht measured the dark adapta 
tion of Mya at three different temperatures and calculated the velocity 
constant, K. (equation II), of the second order reaction. ‘| he results are 
given in Table Il 
*Fechner. the so-called father of psycho-physics. was the first to realize the implica 
tions of Weber's experiment. From Weber's conservative expression he derived the 


equation S klog I + C and. by thus placing sensation on one side of an equation 
and physical stimulus values on the other, started a controversy which has not ended 


to this day 


* 
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FABLE Il 
lemp. in OF Velocity Constant K 
11.5 0.069 
16.2 0.131 
21.9 0.217 
Dark Adaptation of Mya at three different 
temperatures After Hecht, 1925 


I he temperature coefficient calculated from these values is roughly 3.14 
for 10.4°. Now, according to Vant’ Hoff's empirical rule, if the reaction 
is a chemical one, the temperature coefficient should be precisely around 
this value (1e.. 3 for 10). On the basis of these results, the second 
chemical re-combination) alternative is taken as the more likely process 
which prevents the ““below-absolute threshold” light intensities from 
accumulating in the retina. Thus the failure of the Bunsen-Roscoe law 
to hold at low intensities implies the reversibility of the primary reaction 
In order to illustrate these relations more rigorously Hecht presented the 
following argument 
Assume an intensity | stimulating the eye. Light will be absorbed 
by the photosensitive substance S which will be changed from its initial 
concentration ‘a to “(a——x)” when any decomposition products are 
formed. Ihe velocity (V,} of such a reaction follows from the mass 
acuion law* and we obtain equation 7 
Vv. & » P + A) K, (1) (a—x) (7) 
Where K, ts the velocity rate incorporating the absorption coefficient 
I his ts the first order reaction which involves the concentration of only 
one substance, one molecule reacting at a time. Thus the velocity (V,) 
will be measured by the amount of substance changed (x), divided by 


* The mass action law ts a quantitative statement which relates the velocity of a reac 
tion to the concentration of its reactants. In the hypothetical reaction A + B 
( ' 1). the number of molecules reacting per unit time is proportional 
to the number of collisions between them The chances of collision will be N, x N,, 


where N. and N, represent the number of A and B molecules respectively. Similarly 


ind N, will represent the chance of collision for the C and D molecules. When 


N is expressed in the proper units, it expresses the concentration and since the rate 
of the reaction is determined by the number of collisions we have: Rate, K.(A) 
(B) Rat Ke (C) (D) where the brackets indicate the molecular concentration 
(moles/liter) and K, and Ky are proportionality constants) When the system ts in 
equilibrium both reactions proceed at an equal rate: Rate Rate, or K,(A) (B) 
(D) 
K,(C) (D) of Since K, and Ky, are both constants, the 
k (A) (B) 
K, 
ratio is constant and can be represented by K,. the equilibrium constant. In 
K, 
general, for the reaction nA + mB pC + rD where m. n, p and r are 


(Cyep (pyr 


small whole numbers. Keq 
(B)™ 
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the interval of time (t.—t,) required for the change. If the time is 
infinitely short (dt), then an infinitely small amount of substance (dx) 
will be changed during that period 


dx 


V K, (1) (a—z) (8) 


dt 


The velocity of the reverse reaction, that is the primary dark reaction 
is given by (V.) which, again from the mass action law, is 

Vv, (S < P + A) Ke (x®) (9) 
Where Kz is another constant incorporating the absorption coefficient 
and n represents the number of different decomposition products. In 
Hecht's scheme, the number of decomposition products is at least two 
Presumably, these are present in equal concentration. Equation 9 is 
then determined by the concentration of two reacting substances, Le 
uw 1s bimolecular and, since the concentration of both substances must be 
considered, it is of the second order. Since the concentration of both P 


and A are expressed by x we have 


dx 
Ks (x?) (10) 
dt 
If we integrate this equation and set t ©, then x O and we have 
] x 
K? e (11) 
t a (a—x) 


From equation |1 the reaction rate may be determined. Now, tn order 
to obtain the actual velocity of the primary decomposition (light) reac 
tion, the velocity of the reverse (dark) reaction must be subtracted from 


x 
the velocity of the bleaching reaction. This will give us the rate (——) 
t 
at which P and A accumulate 
x 
(Rate at which P + A accumulate) V. V, (12) 
t 
Substituting expressions 8 and 9 into equation 12 we have 
x 
K, (1) (a—x) Ko (x®) (13) 
t 


which may be re-arranged to better illustrate the relations between 
intensity, time and decomposition products to give 
x Kox® 
| - + (14) 
K, (a—x) K, (a—x) 
Since x is taken as a constant for absolute intensity threshold (1.¢., x,) 
then (a—-x) will also be constant and, of course, K is constant so we 
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x 
can substitute the arbitrary constants: C ——___—_——— and D 
K, (a—x) 
Kox® 
providing we retain the threshold conditions: 
K, (a—x) 


C+Der (15) 
Now, for short exposures, t is small and the constant D is small since 
V» must be less than V, or, it would either require enormous intensities 
or a very long time for any P + A to accumulate. Thus, equation 15 
reduces to: 

Cc (16) 
which is identical to equation 4 and is, of course, the Bunsen-Roscoe 
law which does hold true for short exposures. Baunstein, 1923, deter 
mined these values for the human eye 

TABLE 


I t 1@r 
0210 021 
2 0098 020 
4 0047 019 
8 0024 019 
16 0012 019 


Relation between intensity I and time t for 
short exposures to produce minimal responses 
in the human eye After Braunstein, 1923 


For longer exposures the more involved expression (15) must be used 
Thus when appropriate constants are inserted into this equation, Blondel 
and Rey (1911) found it to hold for exposures up to 3 seconds. Their 
results are given in Table IV 


rABLE IV 
t 1@t (found) 0.065 +0.31t 
4.00 1.00 1.00 
1.00 0.372 0.375 
0 30 0.156 0.158 
0.10 0.102 0.096 
0.070 0.074 
0 O68 0.068 
0.003 0.072 0.066 
0.001 0.064 0.065 


Comparisons between I @ t for the eye for a 
large range of exposures, as measured and 
computed After Blondel and Rey, 1911 


When the exposure time is infinitely long, however, then, if the 
Bunsen-Roscoe law held true, one should be able to let I approach O 
and still obtain a visual sensation or, in the case of Ciona, a syphon 
contraction. It was found, however. that while this may occur for 
the photographic plate, no such results can be obtained from the living 
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photoreceptor. Specifically. equation 13 represents the rate at which 


x 
P and A accumulate and. if one lets t approach infinity. then 
approaches zero and equation |} reduces to 
IK, (1) (a—x)] [Ks (x®) | (17a) 
or 
K, x® 
(1) - (17b) 
Ks a—x 


It will be seen that equation 17b does not include time at all but is 
instead regulated by the variables x and | of which only the latter is 
independent. This is precisely what one might have expected on the 
basis of the experimental evidence. At absolute intensity threshold 
where t approaches infinity, intensity and not time is the [imuiting 
factor. 

It should be obvious that equation |7b also represents the “station 
iry state’ or equilibrium condition. When the eye becomes adapted 


to a particular intensity, V, V. and as one would not expect any 
x 

further decomposition product accumulation, the ratio reduces to 
t 

zero, 


The photochemical theory as postulated by Hecht, et al., presented 
a very powerful argument. The present discussion of it has indicated 
that, like any good hypothesis, it is not only in agreement with many 
observed facts but is capable of generating a large number of implica 
tions which may be verified experimentally. The general success of 
the theory over the past 30 years may be attributed to its capacity to 
conform to empirically obtained data, arbitrary constants notwith 
standing. Some of the applications of the theory to such areas as visual 
adaptation, brightness discrimination or intermittent stimulation are 
beyond the scope of the present paper and have been described elsewhere 
(c.f. Michaels, 1952a, 195%3b). 

It remains to evaluate this photochemical scheme in terms of 
modern sensory and chemical data. While all the ramifications of the 
theory have not been discussed, one is nevertheless able to estimate 
some of the difficulties which have come up, what steps have been taken 
to meet them and how this has affected the reliability of the hypothesis 


The first difficulty arises in connection with the substitution of 
known chemical processes for the symbolic representation as given in 
equation 2. The symbol “'S” represents the photosensitive substance of 


69 


PHOTORECEPTOR PROCESS —MICHAELS 


the rods as well as of the cones. Otherwise the theory would be a 
special case for scotopic vision and would not represent the general 
situation at all 
As regards scotopic vision, current research has tended to confirm 
that S 1s, indeed, rhodopsin. The objection that the primary reaction 
was much too slow to account for the small time interval taken up by 
the sensitization period (for man) may be considered satisfactorily 
accounted for by the recently discovered breakdown to lumi-rhodopsin 
I he slower latent period process is no doubt the result of the ‘dark’ 
reactions in which lumi-rhodopsin decomposes to retinene and opsin 
With prolonged and excessive light exposure the latent period will prob 
ibly be found to lengthen as a separate function depending on the 
slower resynthesis from the Vitamin A + opsin stage of decomposition 
Ihe earlier studies of visual purple by Hecht (1925) led him to the 
following conclusions which he cited as support for the primary 
reaction 1) Rate of bleaching ts a function of the concentration 
ind proceeds according to a monomolecular isotherm. (2) The reac 
tion is simple, without induction period and after effect and consequently 
flashes of light may summate photochemically under certain conditions 
3) Effect of temperature on bleaching ts practically nil, which indi 
ates the reaction to be endo-energetic and direct with no intervening 
side reactions. (4) The velocity constant of the bleaching reaction ts a 
linear function of the intensity of the light 
All this evidence relates to scotopic vision. When one considers the 
events which occur in the cones the matter is not so simple. ‘The fact that 
Hecht used the same symbol for the photopigment of both rods and 
cones leads one to assume that he regarded the two substances as closely 
allied. Current research ts in accord with such a view. It 1s in fact 
suspected that the cone pigment may be nothing more than a slightly 
altered bond structure of the rhodopsin molecule. Specifically Hecht 


had this to say regarding the cone substance 


All this information renders ut highly probable that so far as rod vision ts concerned 
t has been possible to isolate and. to a certain extent, study independently the sub 
tance S) What tl substance may be for the cones. one cannot say at present | once 
thought with Weigert and Hering that it might also be visual purple in a more dilute 
form, and | explained the difference between the spectral position of visual purple on 
the basis of Kundts cule) But now | doubt whether such an hypothesis is fruitful and 
im more inclined to belu that the sensitive substances in the cones are not visual 
purple though th may be related to wt chemically 


[his was in 1934 and there is not too much more one can say 
today in 1954. The cone substance is very likely similar to todopsin 
which is. in turn, very similar to Rhodopsin. As yet. however. we 
know almost nothing of its decomposition process. This state of affairs 
is largely due to technical difficulties in isolating the substance. It has in 
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fact been isolated “by difference’ only from the chicken and never 
from a human retina. Finally the cone substance may be complicated 
by the possible presence of some sort of chromaticity detector. Prefer 
ably, following the three-component notion, this will be a three-factor 
one: that is, at least 3 different cone substances distributed in 3 different 
types of cones or collectively present in each cone. If color vision is 
photochemically determined. some provision must be present for the 
differential sensitivity of the cone substance. Only in this way could 
the cones send out impulses which vary not only in frequency but in 
pattern. What the relation of the photoreceptor process is to such 
patterns has never been made clear 

Another difficulty which arises for the photochemical theory 
accrues from the interpretation of the initiation of the nerve impulse 
The presumably irreversible secondary reaction is purely speculative 
and was originally postulated to account for the latent period time 
interval. Now. nothing like a substance L. or T has ever been identified 
in the sense that the primary decomposition products have. The 
secondary process is probably chemical rather than a simple diffusion 
process because its reaction rate is a linear function of the concentration 
x and it is affected by temperature according to the Arrhenius 
equation. For the rhodopsin system. if the primary decomposition 
products are retinene and opsin, it would require that one or both of 
these react on some third substance. This third substance would con 
sequently be changed from an inactive to an active state. As a result 
of this activation, it is required that the substance initiate the nerve 
impulse. From what we know of nerve impulses, this means essentially 
that a change in electrical potential results from such an interaction. But 
it was never made clear in the symbolic representation, whether P and A 
are reactants or catalysts in this activation 

The search for such a third substance in the retinas of various 
animals has so far brought no success. It now seems unlikely that 
such a substance will ever be found. ‘This would then require that 
either retinene or opsin take the place of L. The first is the more 
likely possibility since opsin is a relatively inactive protein carrier and 
the discovery of lumi-rhodopsin as the decomposition product of the 
primary light reaction and retinene as the product of the dark reaction 
(at least the short duration type) supports such a point of view. This 
still leaves the problem of T. As a first approximation, one might 
assume that there are two forms of retinene. an active and an inactive 
This seems unlikely from what is known of its chemical properties 
In 1930, Troland considered this matter and came to the following 
conclusion ( Vol. II, pp. 127-8) 
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Now onsiderable difficulty seems to attach to Hecht's conception of the 


wecondary reaction. in its application to the human eye. because of its metaboli 
requirements. It os evidently not a reversible process. but it would seem that its 
end product must be capable of very rapid elimination Evidently we have the 
further requirement that large quantities of |. should be available to maintain the rapid 
destructive process It appears that the most satisfactory interpretation of the secondary 
process is that P is capable of reacting with the membrane surrounding the 
receptor cell, so as to excite. or to increase the excitability of the latter’ The second 
process involves two phases. first the diffusion of P to and into the membrane and 
second, its reaction with the membrane The substance 1. may be identified with 
some aspect of the membrane structure itself. while T represents the excited state of 
this structure. of. at any rate. the increased permeability which sets off the impulse 
The reaction | I is reversed when the membrane is rebuilt during relative 
refractory phase 


It is most interesting to note that Wald. the outstanding authority 
on retinal photochemistry, in a recent paper (1949) comes to some 
what similar conclusions. He writes 


vor wom intended that retinene be regarded as the product responsible for neural 
excitation. Carotenoids are by nature bland substances to which it is difficult to impute 
strong pharmacodynamic effects. A simple computation shows that rhodopsin bulks 
large in the total composition of the rod outer limb: and | should prefer to look for 


the source of excitation in the direct physical attack on the microstructure of the rods 


imphoat in the blexching process uself. rather than in the liberation of a specific stimu 


int 

Wulff (1943) has subjected Hecht's conclusions regarding the 
agent IT to an experimental study. The animals used were normal and 
deganglionated grasshoppers. The animal was allowed to attain a state 
of maximal dark adaptation and was then stimulated, once every second 
with a half second stimulus of light of the lowest intensity. The 
repetitive stimulation was continued until the constancy of the electrical 
response indicated that the eye had reached a state of equilibrium with 
that intensity. At this time a photographic record of the response was 
made The stimulating intensity was then increased and the process 
repeated) The magnitude of the electrical response was then translated 
into micro or millivolts, converted to per cent of maximum and averaged 
Ihe concentrations for the various intensities were then calculated 
cording to equation Their data is presented in Table V 


TABLE V 
Normal Deganglionated 

log | con lLogl + 1 Grasshopper Grasshopper 

04 14 47 55 
5 544 16.4 
62 ? RR 2 62.5 
OF »? 97.2 885 

4 100 100 

Data relating per cent concentration of P + A and per cent mae 
nitude of the retinal action potential to stimulating intensity 
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It is concluded that the magnitude of the retinal action potential 
is a linear function of the concentration of the photochemical break 
down products and that x is proportional to emf. From this it ts 
apparent that there is a distinct relationship between the retinal action 
potential and the photochemical events of the light adapted visual 
mechanism. The linear relationship between the extent of the photo 
chemical reaction and the magnitude of the electrical response indicates 
that the photoproducts P and A are not the electromotive agents directly 
producing the potential for such agents always bear a logarithmic relation 
between their concentration and the magnitude of the potential. Wulff 
postulates instead that the linear relationship obtained indicates a typical 
relation of enzyme concentration to velocity of reaction where P and 
A or both are the enzymes and the e.m-f. is a measure of the reaction 
rate. The potential may then be the activating agent | 

I hese results have been criticized by Granit (1947) on the basis 
that the electroretinogram gives a direct expression of the concentration 
of photosensitive material only in some instances while the correlation 
is altogether lacking in others. Finally doubt is cast on theoretical 
conclusions applied to the vertebrate eye from data obtained on non 
vertebrates which have never been shown to contain visual purple in 
iheir retinas. 

In 1946, Jabn worked out a modification of Hecht's analysis in 
order to account for the difficulties which arise when it ts applied to the 
data of sensory fusion for intermittent stimulation. It was postulated 
that “old” P + A has no active part in stimulation. Instead some 
active material (denoted by “E”') ts considered 

» E S (18) 
From these considerations Jahn arrives at more satisfactory expressions 
for sensory fusion data which are then applied to other phenomena such 
as adaptation. Fry and Alpern (1946) have applied Jahn's modifica 
tion to the analysis of the responses of a dark adapted photoreceptor 
Byram (1944) has also developed a modified photochemical scheme 
An evaluation of these modifications is, however, beyond the scope of 
the present paper 

The application of quantum theory to visual phenomena, par 
ticularly threshold fluctuations, has thrown yet additional light on 
certain characteristics of the operations of the photoreceptors. An exten 
sive review and summary of this approach has been presented by 
Bouman (1950) and I have presented some aspects of this problem 
elsewhere ( Michaels, 1952b). These studies have focussed attention on 
the statistical behavior of light quanta and have permitted quantitative 
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formulations in purely physical (rather than photochemical) terms 
Although this very new area of what might be termed “biophysical 
optics’ is still in its infancy, it has already resulted in important theoreti 
cal and practical formulations dealing with a variety of visual 
phenomena. ‘| hese formulations are, however, outside the scope of the 
classical photochemical approach 
On the neurophysiological side, it is unlikely that the threshold 
of the visual cells are the sole determinants of excitation. On the con 
trary, the extensive convergence of rods to a single ganglion cell (a 
ratio Which may reach values of 10,000 to | in the peripheral retina) 
gives ample evidence of neural interaction. Such synaptic relations as 
well as the presence of horizontal transmission elements may be 
expected to significantly alter the character of the nerve messages sig 
nalled to the cortex. For example, the pattern or nerve impulses medi 
ated by single photoreceptors (e.g. in Limulus) ts considerably simpler 
than the one obtained from eyes which exhibit synaptic relays. Even 
the latter, however, bear little obvious relation to the visual stimulus 
in the same sense as the electrical responses of the cochlea do to sound. 
When one considers that the visual messages are the most important 
at least numerically) of all those reaching the human brain one must 
admit that our knowledge of photoreceptor processes is of little value 
in an attempt to understand them. This is more serious than may be 
apparent at first glance. It means that no matter how willing the neuro 
physiologist. psychologist or statistical mechanic may be to supply us 
with convenient mechanisms by which complex patterns (symbolic 
or otherwise—-e.g. Craik, Marshall and Talbot, Wienes, etc.) may be 
elaborated, our key link in this chain of events remains unclear 
Analogously, the magnification of the microscope is still dependent on 
the objective. the extent of amplification is limited by the workings 
of the first thrermionic tube irrespective of what one does to the out 
put of that tube. In this respect, the neural contribution can be only 
the second step in some form of symbolic transformation. The basic 
isomorphism, no matter how non-linear 1 may be, must already be 
contained in the signals elaborated by the photoreceptors. This follows 
from the fact that only these cells have any direct contact (receptivity ) 
with the external environment. Nevertheless, this aspect of the problem 
has received little if any attention from workers interested in the field 
While photochemical analysis of visual receptor processes has provided 
important information concerning energy conversion it has not yielded 
inything which would tell us how this is accomplished isomorphi 
cally. The solution of this problem must be left to the future 
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BOOK REVIEW 


MY FIFTY YEARS IN: OPTOMETRY—AN AUTOBIOGRA 
PHY. Albert Fitch, O.D.. F.A.A.O. Volume lL. Published by the Press 
of the Pennsylvania State College of Optometry, | 2th & Spencer, Phila 
delphia. 406 pages Hlustrated. Cloth $5. 1955 


In 1906. the author opened his own optometric office in Kensing 
ton. a part of Philadelphia’ During the next few years he became active 
in optometri organizational matters and led a vigorous and successful 
fight to prevent optometry from becoming absorbed into medical prac 
ice. In 1918, while stall in practice, with the help of a few associates 
he founded the Pennsylvania State College of Optometry. He ts presi 
dent of the College 

Volume | covers the professional and school administrative life 
of Dr Albert Fitch from 1906 to 1930. This was a period of great 
development in optometry and the author then, as now, played many 
important roles in the significant actions taken by the profession. Much 
of this volume is given over to daily correspondence dealing with the 
current optometric events and the book ts a mine of useful and historical 
information on optometry between 1906 and 1930. The Foreword 1s 
by Professor George A. Macklree 

I his material is reprinted from the ALUMNI BULLETIN. Penn 
sylvania State College of Optometry where it appeared serially. Volume 
If is now in preparation” Like Volume |, wt will be most welcome 

CAREL KOCH 


DESCARTES’ CONTACT LENS* 


Jay M. Enocht 
School of Optometry, The Ohio State University 
Columbus, Ohio 


‘The future is said to be fashioned upon the foundations of the 
past, with our present day heritage being the sum of innumerable 
strivings of the philosophers and scientists of bygone eras. In this paper, 
a small portion of this inheritance shall be considered, that of the early 
history of contact lenses. The reader will readily note, in addition, that 
these early contact lens experiments were closely entwined with studies 
delving into the very nature of vision. The brilliant efforts of three 
men, Leonardo da Vine (1452-1519), René Descartes (1596-1650) 
and Thomas Young (1773-1829). will be discussed and an attempt 
will be made to determine the position to be occupied by Descartes in 
contact lens history. However, before proceeding, the author wishes 
to thank Professor R. A. Dudragne of the Institut d Optique de Paris for 
introducing him to the work of Descartes and to several of the associated 
concepts. 

The first known contact lens was used by Leonardo da Vinci in 
about 1508, as was recently pointed out by Hoisteiter and Graham! 
But, as shall be demonstrated, the question of contact lens discovery 
is not resolvable in a straight-forward or simple manner. Leonardo's 
lenses were recorded for posterity in the “Codex of the Eye’ where 
one finds the bulk of his philosophical and investigative work on vision 
In Folio 3, verso (as translated by Ferrero*) there appears the follow 
ing passage 


ABOUT THE WAY TO MAKE THE EXPERIMENT ITO SHOW HOW 
THE VISUAL SENSE USED THE EYE AS AN INSTRUMENT 

In order to make the experiment on how the visual sense gets the image of the 
objects from its instrument——the eye-——a ball of glass will be made with a diameter 
of (the mechanics of construction of the ‘contact lens’ follows) you will 
see that this instrument sends out the images to your eye, as the eye sends them to 
the visual senses 

The reader will obviously note from the above, that Leonardo 


was making a schematic eye (Fig. 1A). In brief, a large thin walled 
glass ball was filled with water. An aperture simulating the iris was 
placed in this aqueous medium and a smaller thin walled glass ball, the 
crystalline lens, (also filled with water and probably having little 
optical effect on the system) was suspended within the larger ball. This 


*Read before the annual meeting of the American Academy of Optometry, Toronto 
Ontario, Canada, December 12. 1954. bor publication in the February, 1956. issue of 
the AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN ACADEMY 
OF OPTOMETRY 

tOptometrist. Member of factulty. Fellow. American Academy of Optometry 
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gigantic apparatus was obviously positioned with the ‘cornea’ point 
ing downward, and the observer viewing what might be called the 
retinal imagery by placing his own eyes under the surface of the fluid 
hence creating a contact lens. From data available in the Hofstetter and 
Graham article,’ it 1s possible to show that the viewing eye was within 
the focal point of the schematic optical system. 

In order to understand the concepts behind this device, let us 
now turn briefly to Leonardo's thoughts on the nature of vision. He 


states his view concisely in Folio 2, verso.* 


HOW THE IMAGES OF ANY OBJECT WHICH REACH THE EYI 
THROUGH A HOLE, IMPRINT THEMSELVES UPSIDE DOWN ON ITS 
PUPIL AND THE VISUAL SENSE SELES THEM UPRIGHT 

The pupil of the eye which gets through a very small round hole the images of 
the bodies situated beyond said little hole, always gets them upside down, but always 
the visual power sees them upright as they arc And this happens because said images 
pass through the center of the crystalline sphere situated in the middle of the eye 
in this center they converge in one point, then they spread out over the opposed 
surface of this sphere without bending, and over said surface the images become 
upright like the objects from which they come. Irom there they are received by the 
visual power and transmitted to the mind where they are perceived 


Thus, he believed, that the imagery of the eye was erect and he 
hypothesized that the rays of light cross the optic axis twice in order 
to provide the proper relationships, .e., left objects falling on the left 
side of the retinas, etc. If we investigate the visual studies of that 
period one finds that the researchers were beset with this problem of 
correct subjective appreciation of visual space or ‘psychic utilization.’ 
Actually the world had to wait until the late 16th and early 17th 
century, almost a hundred years after the work of Leonardo, before 
inverted retinal imagery was finally accepted as fact. The first correct 
interpretation was made by Felix Platter (1536-1603) in 1583.% In 
1604 these theories were expanded and formalized by John Kepler 
(1571-1630),** whose eloquent work remains today as one of the 
fundamental pillars of physiological optics. One might well imagine 
the philosophical impact of this finding at the time 

The schematic eye of Leonardo da Vinci, therefore, had to produce 
erect imagery in some manner in order to achieve the desired proof of 
his theory of vision. As has been quoted above, he was able, by placing 
his eye under the fluid surface, to show how the visual power receives 
erect images.” But, by immersing his eye in the water, he was merely 
negating the power of his own cornea and substituting in its place the 
front surface of his large schematic eye. Ihe erect imagery made possible 
by this lens system was simply the imagery of his own eye Conse 
quently, since Leonardo apparently misinterpreted the theory and nature 
of this device, one can hardly credit him with contact lens discovery 
based on this part of his experimental work, although tt cannot be 
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denied that this was, in truth, a contact lens. This however, represents 
an ingenious mistake on his part, for it enabled him to demonstrate his 
theory of erect imagery 

In another section of the same “Codex of the Eye’ Leonardo 
describes directions (Folio 7, verso) for the preparation of smaller 
ylass containers designed to hold water and to be applied to either one 
or both eyes.' These lenses bear a closer resemblance to the contact 
lens of today, and did not contain the artificial crystalline lens or pupil 
Apparently the small ones were applied directly to the orbital region 
with the subject in a standing position. The only hints as to his intent 


are contained in brief descriptions referring to some of the drawings. ' 


bigure 1B.) The first, “Break a ball of glass and with the convex 
part of it make a mask full of water and you will see that it 1s true 
what ts described below However, if one looks ‘below’ in the remain 
der of folio 7, verso, and in the immediately succeeding folios,’ one 


finds only further discussion of his theories on the nature of imagery 
of the eye 
In another caption he states 


Make littl round ampulses Lhe this (higure 1B Botom). then cut them 
ylasses are cut with a hot piece of tron and make shells of half sphere like this (refers 
to drawing [hen use them for your glasses full of water like this (refers to draw 
ny ind fill only ne with water 


What does he mean by glasses’ We must be careful before attach 
ing common modern usage to this term. Interestingly Ferrero* makes 
a point of showing an illustration of Leonardo's primitive and crude 
visualization of the spectacle frame. Further, although in existence 
spectacles were not in common use. Seemingly, therefore, ‘glasses’ 
probably does not imply spectacles. More likely he ts referring to 
either magnifying ‘glasses’ or perhaps to what one might call a reduced 
schematic eye in keeping with the remaining text. If the latter possibility 
is the proper interpretation, it is probable that it did not take Leonardo 
long to determine that his ball of glass filled with water (the “crystal 
line humor |) and immersed in water had little effect upon his schematic 
eye I hus this element may merely be eliminated from these later 
smaller forms of schematic eyes. If the former possibility, 1e., glasses 
may be interpreted as magnifying glasses, is the correct interpretation 
he may indeed have come upon ‘the principle of the contact lens”! 
Hence, it os doubtful if one can ever conclusively answer the question 
as to whether be appreciated the nature or application of this discovery 

Ihe author prefers not to make a definitive statement on this 

ot Rather, he would conclude that Leonardo used the first known 


sontact lens, but that there is a reasonable question of doubt as to 
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Fig. 2. Ilustrations taken from Rene Descartes’ La Dioptrique, Discourse VIL. “Ways 
of Perfecting Vision hig. 29 represents the Descartes contact lens 
whether he appreciated the fundamentals of his “discovery I hus i 


is felt that only partial credit of discovery should go to Leonardo for 
his initial use of the contact lens, and partial credit should go to 
Descartes, for his appreciation of the nature and optics of this visual aid 
and his application of the lens directly to the eye, (Figure 2, Descartes 
Figure 29). as shall shortly be demonstrated 

Rene Descartes’ lens, which represents our second known contact 
lens was described in 1637 in his famed series of discourses, 1a Diop 
trique.” Descartes, like Leonardo, was another of those rare geniuses 
who left an indelible mark on the history of modern man. He was 
an outstanding philosopher and scientist, making many important 
contributions in both fields. Interestingly, it is in his writings that we 
find the first concise statement of Snell's law. Further, Descartes was 
one of the group of researchers who objectively demonstrated the 
inverted nature of retinal imagery shortly after Kepler's famous theo 
retical study. It is seemingly appropriate, therefore, that he was the 
first one to fully appreciate the optics of contact lenses, the negation 
of the cornea, the magnification properties of lenses, and in a sense 
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some fundamental applications of the contact lens 

Previous references to the contact lens of Descartes appear in the 
writing of Dudragne,” and in a note in the Hofstetter and Graham 
study,' credited to Alpern 

‘The description of the Descartes lens appears in part of Discourse 

entitled, “Ways of Perfecting Vision.”’ In the section of this dis 

course which immediately preceeds the discussion involving the con 
tact lens, the use of simple negative and positive meniscus lenses is dis- 
cussed. (Figures 27, 28 of Figure 2.) Descartes was interested not 
only in the correction of ametropia and presbyopia but also in the 
magnification achieved by the use of auxiliary lenses, particularly that 
provided by the positive lens. Here he figuratively discussed its ability 
to make a flea into an elephant, and interestingly enough hints at the 
problem of size constancy. It is at this point that we find his discus 
sion of the contact lens Figure 29 of Figure 2). He says 


There remains only one other means for increasing the size of images, which is 


to cause the rays which come from various points of the object to cross as far as 
possible from the rear of the ey« Sut it is without comparison the most important and 
the most considerable of all. because it is the only one which can be used for inaccessibl 


objects as well as for accessible ones and its effects have no limits: so that one can 
by using tt. increase the images more and more up to an indefinite size. For example 


ince the first of the three liquors with which the eye is filled causes almost the same 
retraction as ordinary water. if ne ipplies directly against the eye a tube full of 
water, lhe EE. [Pigure 29] at the end of which there is a glass GHI. whose shape is 


exactly Ithe that of the skin BCD [cornea] which covers this liquor, and has the same 
relation to the distance from the rear of the eye. there will no longer be any refraction 
ut the entry of this eye But that which took place formerly, and which caused all 
the rays which came from a same point of the object to begin to curve, starting with 
that point in order to assemble on a same point on the extremities of the optic nerve 


ind which afterwards sused all those which came from diverse points to cross there 
in order to go to different points on this nerve. will take place from the entrance 
of the tube GI so that these rays. crossing from there will form the image RST 
much larger that if they only crossed on the surface BCD. and they will form it larger 
ind larger according to the increasing length of the tube And thus the water FI 


performing the function of the humour K. the glass GHI. that of the skin BCD 
[cornea]. and the entrance of the tube GI that of the pupil. vision will be made just 
the same as if nature had made the eve longer than it is over the whole length of this 


tube without there being a thing to notice. if not the fact that the true pupil would 
be not only useless during that time. but even damaging. in that it would exclude by 
ts smallness the rays which ould go towards the sides of the back of the eye and 
thus will prevent the images from extending there. in as much space as they would 
if the pupil were not so narrow. T| also must not forget to warn you that the par 
ticular refractions. that are made a little differently in the glass GHI than in the water 
PP are not at all nsiderable here. because this glass being equally thick all over 
if the first of its surfaces makes the rays bend a littl more than that of the water 
the second straightens them out as much at the same time and it is for this same 


reason that in the above | have not spoken of the refractions that the skins which 


envelope the humours of the eve cause. but only those of the humours 

As will be noted from the latter comments. this tube of water 
might be classed (as was Leonardo's) as an “afocal”’ contact lens, and 
that Descartes obviously correctly interpreted its optics. In the suc 


ceeding section he concedes the difficulty of ‘‘joining the water to our 
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eye’ as well as the difficulty of determination of the front element 
curvature. He ultimately favored, as can be seen in Figures 30 and 31 
of Figure 2, an instrument resembling a Galileon telescope to produce 
the desired magnification 

We believe that on the basis of this remarkable bit of work, much 
of the credit of discovery of the contact lens should go to Rene Descartes 
Without meaning to detract from the genius of Leonardo, there appar 
ently is littl comparison between the two, as to a grasp of the problem 
and an appreciation of the implications. Yet, one must concede that 
great progress had been made in all phases of optics during the cen 
tury which separated the two men and that an analysis such as Descartes 
could hardly have been made in Leonardo's day. In addition, Descartes 
was the first to place a lens directly on the eye 

The third recorded contact lens was described by Thomas Young 
whose work appeared more than 150 years after that of Descartes. His 
primary interest was the determination of the seat of astigmatism and 
accommodation. Unfortunately his astigmatism was lenticular, so 
that as a result of his investigations he ascribed both astigmia and accom 
modation to the crystalline lens. Nevertheless this represented both the 
first account of ocular ascigmatism’ and a definitive step in our know! 
edge of the accommeuative site. This famous and often quoted paper 
appeared in the PHILOSOPHICAL TRANSACTIONS in 1801. A discussion 
of this work as it bears on contact lenses appears in articles by Endore’ 
and Alpern.* 

The following is the account of Young's efforts 

But. a much more accurate and decisive | discussing his studies on astigmia and 
a method of removing the cornea as a refractive element] experiment remains. I take 
out of a small botanical microscope a double convex lens, 8/9 radius and focal dis 


tance. fixed in a socket 1/5” in depth: securing its edges with wax, | drop into it 
4/4 full, and then apply it to my eye. so that the 


a little water, nearly cold. till it is 3 
ornea enters half way into the socket. and is everywhere in ntact with the water 
My eye immediately becomes presbyopic. and the refractive power of the lens, which 
is reduced by the water to a focal length of about 16/10th. 1s not sufficient to supply 
the place of the cornea, which has been disqualified by the intervention of the water 
but the addition of another lens. of 5'> ” focus, restores my eye to its natural state 
ind somewhat more I then apply the optometer. and | find the inequality in th 
horizontal and vertical refractions as without the water [his lenticular astigmia| AY 
first the accommodation appears to be somewhat less ind this made me once 
imagine that the cornea might have some small effect in the natural state but con 
inch before the place of the 


sidering the artificial cornea was about an eighth of an 


I calculated the effect of this difference. and found it exactly sufficient 


natural cornea 
to account for the dimunition of the range of vision 

In reading the above passage by Young the reader will no doubt 
discern a resemblence between Descartes’ lens and Young's lens. The 
main difference is that Young used a small tube and a double convex 
lens rather than a long afocal container, and apparently did not attempt 


to secure the tube to the eye itself. It is difficult to ascertain if Young 
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had access to or knowledge of the work of Descartes, or if this was 
an original development of his own. By means of an auxiliary lens 
he was able to correct his refractive error. Unfortunately Young appar 
ently failed to perceive the implications of this device in the routine 
correction of ametropia. At a later date, in 1897, this general type of 
optical aid, 1e., a corrective contact lens worn completely external to 
the eyelids. was called the “Hydrodiascope” by Lohnstein, (and later 
also by Siegrist) .” '" and attempts were made to utilize it in correcting 
visual defects 

In general, it can be said that the preceding material indicates that 
the name of Rene Descartes deserves a more prominent place in the his- 
tory of contact lenses. ‘There would seem to be no doubt that his was 
the major contribution prior to modern times 

If one reviews the factors which were discussed, one finds each of 
the three investigators made a significant contribution 

Leonardo used the first known contact lens: however. he may 
not have appreciated the nature of his discovery 

Descartes was the first to apply the lens directly to the eye and to 
correctly interpret contact lens optics, imagery, magnification and the 
negation of the cornea by the lens. He also suggested some possible 
applications of the lens 

Thomas Young was apparently the first to correct an error of 
refraction using a combination contact lens and auxiliary lens 

In these investigations, one cannot help finding interest in the 
interrelationship between all phases of visual science. Here, in a simple 
review of three early contact lenses, one finds closely allied studies deal 
ing with the relationship between external space and the retina, the 
nature and correction of the image forming apparatus of the eye, the 
magnification properties of lenses and the eye, size constancy, astigma 
tism, and accommodation. It ts upon such fundamental studies that 
we have constructed our current concepts of the visual process 

In conclusion, the author wishes to quote the closing sentence 
from Descartes’ discourse WAYS OF PERFECTING VISION.® From this. 
one may gather that in addition to receiving credit for his efforts as 
regards contact lenses Descartes also deserves designation as the first 
individual to differentiate between medical visual care and what might 
be termed optometric visual care. He notes that the eye apparently has 
the ability to change with practice effects—this conclusion being based 
upon the excellent distance vision of the sailor and hunter, upon the 
skill of artisans and engravers at recognition of extremely fine detail 
and upon the Indian's ability to gaze at the sun for extended periods 
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He believes these individuals are able to perform these changes by means 


of gradual variation of pupil size, or by changing the shape of the 
crystalline humor (lens), which like the iris ‘skin’ ts thought to be 
muscular. He then states 

But these things belong rather to medicine. whose purpose is to remedy the 
defects of vision by the correcion of natural organs, and not to dioptrics, whos 
purpose is to remedy these same defects by the application of some other artificial organs 
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ANNOUNCEMENT 


BLUR OF THE RETINAL IMAGE. BY GLENN A FRY 

Blur of the Retinal Image’ is the title of a book just published 
by the Ohio State University Press. Author of the monograph is Dr 
Glenn A. Fry. famed researcher in vision, Professor of Physiological 
Optics, Director of the School of Optometry and Co Director of the 
Institute of Research in Viston at the Ohio State University 

Ihe work is a direct extension of Helmholtz’s studies on the licht 
distribution on the retinal image, and takes into account such fac ors 
as diffraction and spherical aberration. It is the outcome of many years 
of theoretical study by the author and will probably go down as one 
of the fundamental contributions in this field 

Made up of 33 pages of introduction and 120 pages of text, includ 
ing 53 illustrations, the book sells for $3.50 and is obtainable from the 
Ohio State University Press. Columbus 10, Ohio 
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EFFECT OF LUMINANCE, TARGET CONFIGURATION 
AND LENSES UPON THE REFRACTIVE 
STATE OF THE EYE* 


PART Il 


Melvin ©. Nadell* and Henry A. Knollt 
los Angeles College of Optometry 
los Angeles, California 


INTRODUCTION 

Part | of this study described the determination of the two targets 
which would elicit an adequate and an imadequate accommodative 
response. respectively. under certain specified conditions of luminance 
Since procedures and apparatus were outlined in Part I, the present 
discussion will be limited to instrumentation and methods employed 
in that part of the investigation to be dealt with below. The objective 
of this final stage of the research project was to determine what quantita 
tive change in accommodative response would occur under various 
luminance levels when each of six observers fixated each of the above 
mentioned targets 
PROCEDURES AND APPARATUS 

As will be recalled from Part I, the Snellen “EE” was designated as 
the adequate stimulus and the blank wall the inadequate stimulus. Each 


of these two targets was viewed at a distance of twenty feet from the 
observer under the following luminance levels: 0, 0.001, 0.01, 0.10 
1.0, 10, 100, and 300 foot-lamberts. The zero level of luminance 
was attained by turning off all luminaires in the laboratory whose 
construction was intended to prevent the entry of external light into the 
room. The remaining luminance levels were attained by various com 
binations of filters and luminaires, as described in Part I 

Ihe targets were viewed by the subjects with neither auxiliary 


nor correction lenses before the eye since the observers selected for this 


part of the investigation were emmetropic, or nearly so. The six 
*Submitted on June f 955. for publication in the February, 1956. issue of the 
AMERICAN JOURNAL OF OPTOMETRY AND ARCHIVES OF AMERICAN ACADEMY Of} 
TRY 
Ihe authors gratefully acknowledge their indebtedness to Professor Frank W. Wey 
mouth for invaluable assistance with the statistical phases of the study 


Part | of the report appeared in the January. 1956. issue 

Optometrist) PhD.) Member of faculty 

PhD Dean of College Fellow) American Academy of Optometry. Now. member 
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observers were male students of the Los Angeles College of Optometry 
in their early twenties. Clinical tests performed on each subject by the 
senior author showed the accommodative amplitude, the near and far 
phorias, and the ACA ratio to be within normal limits. Each observer 
was either naturally emmetropic or within + 0.25 diopters of this 
state, either in sphere or cylinder.* 


Measurements of accommodative response were made monocularly 
using both the infrared skiascope and the modified haploscope. lumi 
nance levels above 10 foot-lamberts employed in this study did not 
permit the use of the infrared skiascope, because the amount of con 
striction of the subject's pupil in response to this magnitude of light 
flux made detection of the fundus reflex in infrared skiascopy nearly 
impossible. Consequently, at the 100 and 300 foot-lambert levels, the 
modified haploscope had to be used to measure changes in the refractive 
state. This, of course, introduced a complication by virtue of the fact 
that the two instruments do not measure the refractive state in quite 
the same way. Fry had found that the research skiascope under-repre 
sents the amount of minus by about 0.50 diopters.** whereas Morgan 
notes an over-representation in minus of between 0.50 and 1.00 diopter 
by the haploscope,** when the findings are compared to those obtained 
by conventional retinoscopy. Thus, instrumental idiosyncrasy can 
account for a difference on the order of 1.00 to 1.50 diopters when the 
refractive state of a subject is measured 

Therefore, by using these two instruments at the several luminance 
levels, we feared that the artefact discussed above would result in a 
spurious increase in accommodation at the higher levels of luminance 
It was necessary, as a result, to eliminate this complication in order to 
evaluate correctly refractive changes at the higher luminance levels 

To accomplish this, measurements on the six subjects were made 
at | foot-lambert and at 10 foot-lamberts with both the infrared skia 
scope and the modified haploscope, and the findings compared tn several 
ways, as indicated below, under the examination of results 

The data obtained in this phase of the investigation were subject 
to both graphic and statistical analysis 


*Haploscopic and infrared skiascopic determination of the refractive state makes it 


very desirable. of not absolutely necessary, that the subjects be essentially emmetropes 
If lenses are used to make the ametropic observes artificially emmetropic (as would be 
required for our modified haploscopic examination). the reflection of light off the 


lenses seriously interferes with the determination of the fundus reflex in infrared 
skiascopy. Furthermore. lenses worn by some and not by other observers would 
reate variations in perceived luminance of the object. especially at reduced luminance 


levels. since lenses cut down the transmission of light by at least ten per cent ?! 
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RESULTS 

Ihe data showed the haploscopic representation of the refrac 
tive state, based upon the arithmetic mean of the two depth of focus 
boundary values, to between 0.50 and 1.00 diopter more negative 
than the comparable infrared skiascopic findings at the two luminance 
levels permitting the use of both instruments. This suggested that a 

0.75 diopter correction, added to the haploscope readings. would 
bring the latter into closer correspondence with the infrared skiascope 
readings (which seemed more closely to approximate the subjectively 
determined refractive state of the observer) 

However, it was found that, if one used the haploscope data derived 
from determination of the hyperopic end of the depth of focus range 
delineated by this instrument, the results were in as close agreement 
with the infrared skiascope readings as if a correction factor were added 
to the arithmetic mean of the two limits of the depth of focus. These 
In Figures 


results are shown graphically in Figures 11 through 16.* 


14 and 14 will be seen the abrupt change to a negative refractive state 
at the 100 and 300 foot-lambert levels. Since there is no such trend 
toward negativity displayed at the lower levels of luminance. this 
abrupt change at the levels where the modified haploscope was employed 
suggests the artefactual nature of the response, and further confirms 
Morgan's observations concerning the over-representation of the refrac 
tive state in a minus direction by the haploscope 

When the above suggested 0.75 diopter correction factor is added 
to the haploscope findings based on the mid-point of the depth of 
focus range. the results reveal no clear-cut trend in the refractive changes 
at the higher luminance levels. (See Figures 15 and 16.) Undoubtedly 
this is because the difference between these findings and those derived 
from the use of the infrared skiascope are not of a consistent magnitude 
Although the differences tend to be on the order of 0.50 to 1.00 diopter 


*It will be observed that. in Figures 12. 14. and 16. the lowest luminance level is aot 


0 but 0.001 foot-lamberts The reason for this is that the Snellen | target 1s 
not vistble at the zero luminance level, so that the response would be essentially to the 
blank wall against which the “1 was mounted) This response is graphically shown 
n Figures 11. 13. and 15 

big Jl Mean accommodative response values of six observers to a blank wall under 
several luminance levels (0-10 foot lamberts: Infrared skiascope used 100.300 foot 
lamberts) Haploscope used——hyperopic limit) 

big 12) Mean accommodative response values of six observers to a Snellen “EF under 


several luminance levels (0001-10 foot-lamberts: Infrared skiascope used: 100.300 
foot lamberts: Haploscope used——hyperopic limit) 

Fig 13. Mean accommodative response values of six observers to a blank wall under 
several luminance levels (0-10 foot-lamberts) Infrared skiascope used: 100-300 foot 


lamberts) Haploscope used of depth of focus range) 
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in some cases the difference is less, in other cases, more. Application of 
a 0.75 diopter correction factor therefore tends to enhance some of the 
differences and to obscure others. Consequently, it was felt that using 
the haploscope data representing the hyperopic end of the depth of 
focus interval (Figures 1] and 12) constituted a more satisfactory 
procedure. In the latter case, the trend of refractive change with lumi 
nance level is not obscured, nor is it exaggerated as in the case where 
either the uncorrected mean haploscopic values or worse, the values 
representing the myopic end of the depth of focus interval are used 

Consequently, the refractive data to which statistical analysis was 
subsequently applied were those figures obtained with the infrared 
skiascope at the levels of luminance below 100 foot-lamberts, and 
those threshold values obtained with the modified haploscope set at 
the hyperopic end of the depth of focus interval at the 100 and 300 
foot-lambert levels 

Ihe significance of the differences in magnitudes of the refractive 
state at each level of luminance, for each target, was computed for each 
observer. The technique employed was the Fisher t-ratio,*' the assump 
tion being made that the means whose differences were being analyzed 
were uncorrelated 

Ihe results are summarized in lable IX, which presents the 
refractive state of each observer at each luminance level for both targets 
the Snellen “E° and the blank wall, and also indicates which responses 
differ significantly trom the others. In the Table. all figures enclosed 
by parenthesis are significantly more plus (that ts, reveal less accommo 
dation in play) than those values either enclosed by brackets or not 
enclosed) ‘The figures enclosed by brackets, in turn, are significantly 
more plus than those values not enclosed 

lable X shows the absolute magnitude of the difference in refrac 
tive state revealed by each observer with reference to each of the two 
targets viewed In the left-hand column of each half of the Table 
each figure represents the difference between the refractive states at 
moderate and at low luminance levels. The figures in the respective 


right hand columns show the differences in the refractive state between 


bye 14 Mean a mmodative response values of six observers to Snellen | under 

everal luminance levels 10 toot lamberts: Infrared skiascope used, 100. 501 

fon imberts) Haploscope used —mean of depth of focus range) 

ly Mean accommodative response values of six observers to a blank wall under 
eral luminance leve ( 10 toot lamberts: Intrared skiascope used 100-306 

fount lambert Hay used mean range +0.75 D orrection factor.) 

I ty ( Mean accommodative response values of six observers to Snellen ‘I under 
eral luminance 1-10 toot-lamberts) Infrared skiascope used: 100-500 


Lamberts Hap pe used —mean range + 0.75 correction factor) 
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[ABLE X 
Maximum changes in accommodative response to two separate targets by six observers 
between moderate vs. high, and moderate vs. low levels of luminance 


Target Blank Wall Snellen ‘1 
Moderate low Moderate high Moderate-low Moderate high 
Subject luminance luminance luminance luminance 
J.J 0.54 D 0.46 D 0.21 D 0.49 D 
R.V. 0.29 D 0.52 D 0.22 D 0.61 bD 
R.S 0.40 D 0.40 D 0.34 D 0.54 Db 
S.M 0.25 D 0.50 D 0.53 D 0.71 D 
0.58 D 0.68 D 
E.K 0.54 D 0.37 D 0.96 D 0.46 D 
Total 2.60 D 222 2.94 D 2.81 D 
Average 
Change 0.43 D 0.45 D 0.49 D 0.56 D 


* Least accommodation shown at 300 ft. lambert level of luminance 


the moderate and high luminance levels. At the bottom of the Table 
are shown the average differences exhibited between the different lumi 
nance levels for the two targets observed. 
The results seem to show that, at the lower levels of luminance 

0, 0.001, and 0.01 foot-lamberts—there is about 0.50 diopter signifi 
cantly more accommodation in play, the range being from about 0.25 
to 0.75 diopters. This also holds true for the highest level of lumi 
nance, 300 foot-lamberts. The least accommodation seems to occur 
between | and 100 foot-lamberts. At levels above and below these 
limits, approximately one-half diopter more accommodation appears 
to come into play. Since the figures employed represented the most 
plus findings, it may reasonably be concluded that the 0.50 diopters of 
accommodation is not an artefact. 


DISCUSSION 

The present investigation, by virtue of the Air Force contract 
under which it was undertaken, was limited to the analysis of only 
two variables: luminance level and target configuration. ‘Ihe appraisal 
of refractive changes, however, leads to the belief that target size and 
object-background contrast in luminance are of equal importance in 
affecting the refractive state and their influence cannot be neglected in 
a definitive study of nocturnal and sky myopia 

Stress was laid on the fact that the targets appeared to exert 
differential effects on the accommodative response at the different lumi 
nance levels. This may be due to a change in the depth of focus of the 


observer's eye with a change in the level of illumination In measure 


* Artificial pupils to control this variable were not employed, since the intention here 
was to simulate conditions which might be encountered by pilots, who, presumably 
would not be wearing such devices. However, it is desirable that the effect of artificial 
pupils be analyzed in further studies of this nature 
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ments made with the haploscope, such a shift would be most significant 
since what is determined by this instrument is the depth of focus interval 
Consequently, it remains to be ascertained whether either or both 
boundaries shift with changes in luminance level, and whether such 
changes are equal and systematic. It should be recalled that the haplo 
scope tends to over-represent the myopic shift, and the infrared skia 
scope to under-represent it. 

It was also found in this investigation that minus lenses may 
further induce, rather than merely measure, the accommodation in play 
under the several testing conditions. It would therefore seem unwise 
to rely on such lenses to compensate for the myopic shift. Further, the 
marked reduction in the amount of light reaching the eye under very 
low luminance levels would be exacerbated by the wearing of lenses, 
which reduce the transmission of light to the eye by a minimum of 
ten per cent. It is also evident that the application of minus lenses to 
in esophoric subject having a high AC/A ratio might blur, rather than 
clear, his vision. ‘These considerations would seem to preclude the use 
of minus lenses to compensate for the 0.50 to 0.75 diopters of accom 
modation which appear to come into play at luminance levels below | 
foot-lambert or above 100 foot-lamberts 


SUMMARY 

A two-part investigation was undertaken under contract with 
the Air Force. The first phase utilized three observers who observed 
six arbitrarily -chosen targets through various powered lenses under a 
high, medium, and low level of luminance. The responses were 
analyzed by means of the coefficient of concordance to determine whether 
each target promoted similar responses within and between observers 
under the different testing conditions. This was done to find out 
whether any target gave consistently better agreement between the 
magnitude of the accommodative response to that target and the mag 
nitude of the stimulus represented by the lens power through which the 
target Was observed 

I he responses were also tested by the method of variance analysis 
to determine which targets occasioned the most and the least variability 
in the observers’ responses. On the basis of the foregoing appraisals the 
Snellen “E’° was judged to be the most effective and the blank wall the 
least effective in promoting adequate accommodative responses 

In the final phase of the investigation, the two targets were pre 
sented to six more or less emmetropic observers, none of whom had 
participated in the initial stage of the study. These six subjects fixated 
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the targets at luminance levels ranging from zero up through 300 foot- 
lamberts. Responses at the lower levels were measured with the infrared 
skiascope and at the higher levels with the modified haploscope. The 
equivalence of the responses obtained by these two methods was deter- 
mined. The data were then subjected to a statistical examination by the 
Fisher t-ratio method, on the basis of which it was concluded that, at 
luminance levels much below | foot-lambert or above | 00 foot-lamberts, 
significantly more accommodation comes into play. The magnitude of 
this response is of the order of 0.50 diopters, with a range of roughly 
0.25 to 0.75 diopters. 
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ANNOUNCEMENT 


NATIONAL BOARD OF EXAMINERS IN OPTOMETRY 
The dates of the National Board Examinations are scheduled for 
Wednesday and Thursday, May 16 and 17, 1956, as follows 


Wed May 16 
8:30—11:30 A.M Part Il, Section I, Visual Science II 
1:00 4:00 P.M Part I, Section I, Visual Science | 
4:30 5:30 P.M Part Il Section V, Social Legal 
Economic and Professional Aspects 
00-—10:00 P.M Part I. Section I], Theoretical Optics 
burs —May 17 
8:30 11:30 AM Part I, Section II, Theory and Methods 
of Optometry 
1:00 4:00 P.M Part I, Section IIL, Anatomy of the Eye 
3:30 5:30 PM Part Il, Section Ill, Ophthalmic Optics 
7:30 9:30 P.M Part Il. Section IV, Diseases of the Eye 


Undergraduate students in professional optometric courses in our 
schools and colleges may apply to take their National Boards through 
their school administrative officers. Examinations will be given at all 


schools and colleges 
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GEOGRAPHICAL ROSTER OF ACADEMY MEMBERS 


In this issue of the JOURNAL we present the 1956 geographical 
roster of Academy members. Numerically, the Academy is a growing 
professional society, composed of approximately 750 optometrists and 
other specialists in visual scrence, ophthalmic optics and education. The 
majority of members are optometrists in either general Optometric prac 
tice or in one of the specialities. All of these men have demonstrated 
their interest and ability in the more advanced studies of the science by 
completing special qualifying work for Fellowship. and by the high 
standards maintained by them in their practices 

bach of the members has made or is now making contributions to 
the advancement of optometry. [heir combined efforts have helped to 
place the profession in the position of being one of the important fac 
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tors in the family of healing arts professions. Each Academy member 1s 
expected to live and practice, at all times, in such a manner as to 
exemplify the high professional standards of optometry and thus 
by his example, enhancing interprofessional relationships 

As was stated years ago,* the Academy has slowly grown into a 
vital force for professional conduct, proper undergraduate education 
and a thoroughly proven and accepted ocular science as a basis for the 
practice of optometry. The character of this organization as indicated 
by its founders, and consistently upheld by its membership and its his 
tory, 1s of a technical and educational, rather than of an economic o1 
promotional nature. In this respect it has always been most fortunate 
in the possession of a loyal membership which has been deeply con 
cerned in optometry's welfare and in perpetuating and protecting the 
professional associations which must accompany the future develop 
ment of optometry. The membership of the American Academy of 
Optometry, changing gradually over the years, reflects the successive 
leadership in our profession 

‘The list of members as presented elsewhere in this issue is of par 
ticular value to all the 7,000 readers of this JOURNAL as it affords a 
basis for making the most qualified professional referrals when patients 
move from one part of the country to another. We also hope that the 
published list will encourage other optometrists to join as new members, 
and work with those already active in a number of excellent Academy 
projects 

CAREL ¢ KOCH 


*Statement by Executive Council, American Academy of Optometry. 1944 


CURRENT COMMENTS 
Terry Judith Parkins 
Editorial Assistant 


Optometrists will confer a favor by sending news items of general interest for this 
department; such as relate to new instruments, clinical techniques. education, visual 
health and optometric legislation and organization 


NEWS BRIEFS 
The Wisconsin Optometric Association will hold its annual meet 
ing at Eau Claire, May 12-14 Mr. Donald F. Southgate, president 
of Shuron reports 1955 sales up 21 per cent over 1954. The Company 
is now launching a national advertising campaign to stress the impor 
tance of periodic eye care. The fiest ad appeared in the POST in January 
The Eastern States Optome: cic Congress will be held in New York 
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City, April 8-10 Bausch 6 Lomb has announced a new automatic 
motor driven refractive chair and also a new plastic spectacle frame built 
to accommodate a hearing aid in each temple The Oklahoma Opto 
metric Association will hold its annual meeting at Tulsa, April 8-10 
Dr. Harold S. Bobb has been installed as Worshipful Master of 
Columbine Lodge #147, A.F. 6 A.M. of Denver The Better 
Vision Institute advertising campaign, ““Tune Up—Dress Up Your 
Priceless Eyes—-See Your Examiner Soon,” is in high gear. Ads in the 
POST and VOGUE, plus radio and television are doing a great job in 
directing attention towards visual problems Dr. Mat Alpern is now 
working with the Vision Research Laboratory, University of Michigan, 
Ann Arbor Dr. Robert E. Bannon, secretary of the Aniseikonic 
Forum, American Optical Company, Southbridge, reports he is plan 
ning a Spring Seminar on Aniseikonia. Optometrists wishing to attend 
should write for details at once The Upper Mid-West Council 
for Better Vision is running a series of excellent newspaper ads to pro 
mote eye care. [hese ads, sponsored by a group of laboratories, are 
appearing in every daily newspaper in Minnesota. The Kahn Optical 
Company, lLoronto, is doing a similar job in 20 of the leading Cana 
dian daily newspapers The Trustees of Illinois College of Optome 
try mailed a copy of the college financial report to all alumni Pro 
fessor Ernest Barnay of the University of Upsala, Sweden, spoke before 
the New York Academy of Optometry. His subject was. “Monocular 
and Binocular Visual Acuity and Statistics Behind the Visual Acuity 
Test.’ Members of the Eastern Pennsylvania and the New Jersey Chap 
ters were invited Dr. Gerald Westheimer, Columbus, was elected 
1956 president of the Central Ohio Chapter of the Academy The 
Korector Sales Company, 6824 W. Lake St., Minneapolis, has just 
issued a new illustrated 28-page monograph dealing with the Arneson 
Korector A copy will be sent upon request Dr. Samuel Renshaw 
professor of experimental psychology at The Ohio State University 
has received the Navy's Distinguished Public Service Award for his work 
in visual perception during World War II Dr. James F. Wahl 
dean, College of Optometry, Pacific University and Dr. George F. New 
house, The Dalles, Oregon, have been presented certificates of Life Mem 
bership in the Oregon Optometric Association Dr. Carl A. Radde, 
80, Cleveland, died January 26. Dr. Radde translated into English 
-waldt Hering’s works on Physiological Optics. This translation was 
published by the Academy and has had world-wide distribution 
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Dr. Irving Weiss* 
112 300 Main St., New Britain 
11: untington Drive, South Pasadena Dr. 8. G. Weiss* 
) ax § Ch, : : 
mapere TT 24 Church St.. Torrington 
os neeles ollege ot Optometry, D Ed Cc Wh 1 
950 West Jefferson Blvd., Los Angele er 
Dr. Leslie W. Scown D “Whe artiore 
Dr. Reginald L. Secord 7 Main St., Hartfore 


047 West Bth St L.o Ange les 
Dr. Fdwin H. Silver 
6035 Beaumont Ave., La Jolla 
Dr. Kenneth Berkeley Stoddard DELAWARE 


Schoe of Opto 
Optometry Dr. Harold I. Moss* 
University of California, Rerkeley 
Dr, Albert C. Stoltne 2106 Baynard Blvd., Wilmington 
: R. D. No. 2, Newark 


Dr. Roy M. Swain 
209 W. Standley, Ukiah ge es West 


Dr. Napoleon Van Praag 
1 Take & Colorado Bldg Pasadena 
Dr. L. Walls 


] of Opto metry 


+ niversity of California, Berkeley DISTRICT OF COLUMBIA 
Dr. Howard N. Walton Dr. Bernard A. Baer 

3568 Wesley St., Culver City 205 Farragut Medical Bldg., Washington 
Dr. D. R. E. Waters Dr. Frances P. Marshall 

102-305 Muckentholer Bldg Santa Ana 2007 Columbia Road, N. W., Washington 
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FLORIDA Dr. Harry C. Armstrong 
Dr. Agnes Sutton Austin nia 


315 N. 27th St.. Miami 602 Sheridai 
Dr. H. C. Bumpous 
301 Fiorida National Bank Bldg Dr. Willis Brown 


St. Petersburg 
Dr. Jerome B. Conlogue 
Capt. Charles C. Dunn 944 Jefferson Bldg, Peoria 


4702 Browning Ave., Tampa 
Dr. K. K. Eychaner Dr. J. C. Copeland 
Tampa Theatre Bldg., Tampa Bausch & Tomb Optical Company 
Dr. Alfred C. Haughton 18 So. Michigan Ave., Chicago 
207 Harvey Bldg., West Palm Reac! Dr. John M. DeMoure 
Dr. Ww. J. Heather First National Bank Bldg Peo 
716 E. Main St... New Port Richey Dr. Otto R. Engelmann 
Dr. Ester Ingram 5209 No Clark St.. Chicago 
Wists Dr. Richard Feinberg 
Dr. Walter C. Kennedy 
1918 Hillview St Sarasota 
Dr. Arthur S. Kitchen 
Davey-McMullen Bldg., Clearwater 
Dr. James F. Loomis 
303 Masonic Temple Blde. Jacksonville 


Lt. Comdr. George W. Rand Dr. John A. Hattstrom : 
MSC. USN. School of Aviation Medi 1724 Sherman Ave., Evanston 


cine, Naval Air Station, Pensacola Dr. George N. Jessen 


Dr. R. L. Ryer Madison St... Chicass 
420 S. Kentucky Ave., Lakeland Dr. F. Stanley Leverich 


Dr. S. B. Sch “h Keystone Bldg., Aurora 
Jac sony ille Dr. Charles A. Machac ek 


Dr. A. C. Wilhelm, Jr. 3542 W. 26th St.. Chicago 
212% N. Andrews Ave., Ft. Lauderdale Dr. John Mahn 


Dr. Marshall Wright 109 No. Wabash Ave., Chicago 
221 Aragon Ave., Coral Gables Oot 
ollege ptometry 


3241 S. Michiwan Ave... Chicago 
Dr. William R. Martin 
GEORGIA 262 West Prairie, Decatur 
Dr. Robert L. Coleman Dr. Harley G. McCormack 


236 E. Second St.. Tifton 2629 Sheridan Road, Zion 
Dr. Andrew J. Denman Dr. J. B. Meloan 


602 Elgin Tower, Elgin 


Illinois Collewe of (Iptometry 
3241 S Michigan \ve Chicago 
Dr. Don A. Frantz 
DeKalb 
Dr. E. Freeman* 
Suite 1201, 8 S. Michigan Ave. Chicago 


130 West Hancock Ave., Athens Bushnell 
Dr. Walker H. Matthews Dr. David D. Michaels 
130 West Hancock St Athens Hlinois College of Optometry 
Dr. Stephen C. Outlaw 3241 S. Michigan Ave., Chicago 
208 Pine St.. Albany Dr. Glenn H. Moore 
Dr. Walter W. Perrott, Jr. 6226 No. Broadway, Chicago 


Dr. Clifford E. Myers 
310 Rock Island Bank & Trust Bldg 


Columbus, Georgia 
Dr. Jack Runninger 


206 East Third Rome D 
: r. arles . Ott 
Dr Wm. W. Smith Mlinois College of Optometry 


Dr. John T. Peterson 
202 City National Bank Bldg., Rockford 
HAWAII Dr. Harry E. Pine 


Dr. J. K. Hirokawa 8 S. Michigan Blvd., Chicago 
Hawai Building, Honolulu Dr. Jack A. Potter 


630 First National Bank, Peorta 


Dr. Helen M. Robinson 


IDAHO University of Chicago Reading Clinics 
De. C. 5, Siamese Graduate Education Bldg., Chicago 
"Way ete, Dr. A. R. Rochte 


feisgerber Ble ewisto 
Weisgerber Bldg, Lewiston NW. Park Ridge 


Dr. Alfred A. Rosenbloom 
ILLINOIS Illinois College of Optometry 


Masten 3241 S. Michigan Ave., Chicago 
Illinois College of Optometry Dr. Wallace H. Rozell 


3241 S. Michigan Ave. Chicago 1103 Columbus Memorial Bldg., Chicago 
Dr. D. A. Ambrose Dr. Raoul W. Sabatini 

613% Monroe St This ois Colle we ot (Iptome try 

Charleston 3241 S. Michigan Ave., Chicago 
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Grace Stevesson 
1113) Michigan Chi 
W. T. Stevesson 
11131 S. Michigan 
Eugene W. Strawn 
124% E. Stephenson St 
T. F. Taylor 
m9 | alle St (Ottawa 
Fdward R. Tennant 

Roy Teshima 
{ lewe of ©) ‘ et 

4 Mi in Awe ( vo 
Rita Walsh 
1008 N. Main St., Bloomington 
Newton K. Wesley 
9 Fk Madison St., ¢ 
H. S. Wodis 
Colle 


Ave., Chicago 


Freeport 


Micl mn Awe 
Walter S 

‘4 Mii 

Vincent Zunica 

4113 FE. 113th St, Cl 


INDIANA 
Merrill J. Allen 


Division of 
Indiana 

Neal J. Bailey 
Dale E. Berkebile 
119 West 7th St Re 


smietry 


Bloomington 


chester 


.N. A. Bixler 


Decatur 
I. M. Borish 


100 Union Bank Bldg. K 


. Mary Clay 


lransfer Bldg... Fo Wayne 
Hi irold Cline 


W. Lexington 


W. Conner 

Roy E. Denny 

704 Odd Fello Bldg 
Daniel O Elliot, 


MIR Tetls South Bend 


H. F. 


814 Jefferson Ave., 


Ave., Elkhart 


Indianapolis 


La Porte 


Gordon Glenn Heath 
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Dr. H. W. Hofstetter 
Division of Optometry 
Indiana University, Bloomington 
Dr. H. H. Jenner 
Frankfort 
Kenneth Kintner 
Mishawaka 
Dr. Gus R. Ledig 
19 East 34th 
Dr. Robert G. Ledig 
19 Kast 34th St. 
Dr. James P. Leeds 
2112 E. 10th St., 
Dr. Maurice E. Lemontree 
620 Odd Fellows Bldg... 
Lester R. Loper 
of Optometry 
Indiana sitv, Bloomington 
Dr. Deo M. Lowden 
5305 Hohman Ave., 
Ir. Ruth MacDonald 


Dr. 


Indianapolis 
Indianapolis 
Indianapolis 
South Bend 
Dr. 


vision 
niver 


Hammond 


(sas City 
Dr. C. F. Mackey 

South Van Rensselaer St... Rensselaer 
Dr. Robert A. Major 

13 W. Broadway, Shelbyville 
Dr. Virgil A. McCleary 

116 No, Buffalo St., Warsaw 


Dr. Clarence W. Morris 

2409 S. Calhoun St., 
Dr. J. Stanley Rafalko 

School of Me dicine 

Indiana University, 
Dr. D. R. Reed 

204 Masonic Temple Bldg., 
Dr. G. C. Richter 
403 Walnut St., Lawrenceburg 
J. Robert Shreve 
639 East 38th St., Indianapolis 
Dr. E. J. Soland 

420 Merchants Bank Bldg., 
Dr. G. Frederick Speiser 

116 S Main, Mishawaka 
Dr. R. W. Tubesing 
304 Medical Arts 
W. L. Van Osdol 
wie \\ Main (sreenwood 
Bernard E. Vodnoy 
N. Michigan St 
E. Gerald Wilhite 


1023 ] Bedford 


Fort W ayne 


Bloomington 


LaPorte 


Dr. 


Indianapolis 


Bldg., Richmond 


Dr. 
Dr 
South Bend 
Dr 


sth St 


Dr. J. J. Brady 
Sheldon 

Dr. D. E. Grim 
437 Higley Bldg., 

Dr. Ralph J. Hays 
Harlan 


Cedar Rapids 


Ir. Alfred L. Klein 
Welty Bldg., Spirit Lake 
Dr. M. L. Knutson 
West State St... Mason City 
Dr. Ralph Kullander 


Equitable Bldg., Des Moines 
Dr. Frederick Kushner 

Sheldon 
Dr. Alvah R. Lauer 


Iowa State College, Ames 
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Dr. John Earl Martin Dr. George H. Kohler 
201-202 Masonic Bldg., Carroll 322 West Saratoga St., Baltimore 
Dr. George K. O’Brien Dr. G. William Seabold 
1450 Seventh Ave., Marion 115 W. Monument St faltumore 
Dr. Carl R. Peters Lt. Col. John W. Sheridan 
Logan 9928th Tuo Army Environment Health 
Dr. Paul M. Sims Lab., Army Chemical Cente 
Clarion Comdr. J. H. Steeve (MSC) USN 
Dr. G. H. Warkentine Bldg. 141, National Naval Medical Cen 
634 Guaranty Blidg., Cedar Rapids ter, Optometry School, Bethesda 
Dr. Arthur P. Wheelock Dr. Allie L. Trussell 
Equitable Bldg.. Des Moines 1005 W. 36th St. Baltimore 
Dr. Henry L. Wolfe 
415 Masonic Temple, Marshalltown 
MASSACHUSETTS 
Dr. Louis Anapole 
KANSAS 73 Tremont St., Boston 


Dr. Robert E. Bannon 
American Optical Company, Southbridve 
Dr. Paul Boeder 
Topeka American Optical Company, 
Southbridge 
Dr. C. Henry Chevalier 


Dr. E. E. Brann 
308 Fast Maple St., Independe nee 
Dr. Don R. Paine 
National Bank of Topeka Bldg., 


American Optical Company, Southbridge 
KENTUCKY Mr. John K. Davis 
Dr. Ramona Porter Research Center 
Oakley Bldg... sJardstown \merican Optical Co., Southbridge 
Dr. M. Steinfeld Dr. F. A. Fairbanks 
609 Broadway, Paducah 28 Pleasant St., Worcester 
Dr. O. C. Wells Dr. Ralph H. Green 
Corner Sixth and Walnut. Murray Massachusett School of Optometry 
178 Newbury St boston 
Dr. Salvi S. Grupposo | 
American Optical Company, Southbridge 
LOUISIANA Dr. Bradford F. Holt 
Dr. Paul H. Floyd 9) Main St. Lynntield Centre 
330 Kirby St., Lake Charles Dr. Hollis M. Leverett 
Dr. H. B. Hewett Research Department, American Optical 
833 Hodges St.. Lake Charles Compat Southbridge 
Dr. J. Ottis White Dr. Leo F. Madigan 
3275 Shelley Ave., Baton Rouge 110 Tremont St.. Boston 


Dr. O. L. McCulloch 
56 Suffolk St., Holyoke 
MAINE Dr. Clinton R. Padelford 


Dr. Donald F. Ellis 56 North Main St., Fall River 
9 Masonic Bldg., Houlton Dr. M. L. Palmer 


1618 Main Street, Springfield 
Dr. Ruth Seabury 


Dr. J. C. Russel Clinton ; 

Bide Dr. William Smith 

Fidelity Bldg., Brunswick 80 Boylston St., Boston 

Dr. L. Albert Webb 
56 Suffolk Holyoke 
MARYLAND 

Dr. J. Fred Andreae 

One Forest Drive, Catonsville 
Dr. A. G. Billmeier MICHIGAN 

Denton Dr. Mathew Alpern 
Dr. Israel Dvorine Vision Research Laborato: 

2328 Eutaw Place, Baltimore University of Michigan, Ann Arbor 
Dr. |. Lawrence Ebauer Dr. S. Howard Bartley 

926 Liwht St saltimore Psychology Department 
Dr. John T. Ebauer Michigan State College 

926 Light St., Baltimore Lansing 
Dr. William John Ebauer Dr. Thomas R. Bell 

926 Light St., Baltimore 117 Chisholm St. W., Alpena 
Dr. Wm. H. Engel, Jr. Dr. Paul L. Connolly 

115 W. Monument St.. Baltimore 1148 S. Woodward Ave., Royal Oak 
Dr. Henry A. Imus Dr. W. Edward Dewey 

National Institute of Neurological Route No. 2, Box 322, Battle Creek 

Diseases and Blindness Dr. D. O. Emmons 

National Institute of Health, Bethesda 114 N. Mitchell St., Cadillac 
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Leon Firestone 
11110 Morang Drive, Detrort 
Madison Gilbert 
(Connor Bldg., Owosso 
J. H. Gregory 
mpire Ave Benton Harbor 
Cc. L. Grigware 
1505 McKa Dower, Grand Papids 
S. M. Harding 
405 N. Main St., Roe 
Robert A. Hass 
minor Bldg 
F. M. Hathaway 
41) Community National Bank Bldg 
Pontiac 
Ralph M. Howard 
4 ! I} ren Heattle 
L. D. Huber 
1% State St., St. Joseph 
J. L. Kehoe 
1210 Mott Foundation Bldg., Flint 
John R. Kelly 
126, | Mitchell St Petoskey 
M. E. Madsen 
117 Pennsylvania Ave., Lansing 
James Miller 
E. J. Moshier 
750 Hauselman Bldg., Kalamazoo 
Clarence Omans 
Van B Battle Creel 
Gilbert J Roth 
208 | lDbrive, Flat Roel 


& . Sc holler 


avings Bank Bldg., Big Rapids 


. G. F. Smith 
1404 Met low (,rand Rapids 
W. J. Spatz 


17 Kresge Bldg., Flint 


. David Charles Thomson 


Scherer Bldg, Detroit 
George W. Ticknor 
$14! State St St Joseph 
Robert H. Ticknor 
414% State St Joseph 


. K. W. Tinker 


Traverse City 


. H. A. Towle 


2021 S. Division Ave., Grand Rapids 


. Charles Van Sluyters 


Ashton Bldg (srand kk ipids 


. Ward C. Vrouwenfelder 


1715 S. Westnedge Ave., Kalamazoo 
D. D. Walton 

Natl Bank Bldg., Hastings 

John Edward Wright 


4? Son ith Gratiot Ave, Mt Clemens 


MINNESOTA 


W. D. Amundson 

4114 Washington St. Northheld 
Don B. Arden 

Mo te ideo 

William L. Benedict, (Hon.) 
100 First Ave. Bldg.. Rocheste: 
K. L. Blodgett 

126 So. Main St., Stillwater 
E. J. Cummins 
411 Main St., Red Wing 
Russell L Dorland 

Walnut St. Mankat 


Dr. Rudolph Ehrenberg 

Granite Falls 
Dr. Austin G. Engel 

2419 Penn Ave N., Minneapolis 
Dr. Joseph L. Frank 

New Prague 
Dr. Lorne E. Holmes 

333 Hennepin Minneapolis 
Jr. John R. Kennedy 

452 Lowry Medical Bldg., St. Paul 
Dr. Ernest Kiekenapp 

Wilmac Bldg., Minneapolis 
Dr. Carel C. Koch 

Foshay Tower, Minneapolis 
Dr. Leo Meyer 

1] M New York Bldg St. Paul 
Dr. Melvin R. Nelson 

East Sixth Blue Earth 
Dr. William F. Nelson 

222 Virett Bldg... Mankato 
Dr. Walter H. Nordin 

300 W tridge St... Austin 
Dr. John N. Schoen 

(Owatonna 
Dr. Charles Sheard, (Hon.) 

P.O. Box 543. Rochester 
Dr. H. C. Sherratt 

409 Wilmac Bldg., Minneapolis 
Dr. John W. Shimek 

426 Kresge Bldg., Minneapolis 
Dr. Paul G. Slaton 

x04 Excelsior Ave.. Hopkins 
Dr. Arthur E. Tillisch 

615 W. Lake St.. Minneapolis 


MISSOURI 

Dr. J. C. Carpenter 

210 Howard Bldg... Moberls 
Dr. W. F. Kimball 

Kirkpatrick Bldg., St. Joseph 
Dr. Felix A. Koetting 

4196 Manchester Ave... St. Louis 
Dr. R. E. Littlefield 

5911 Main St., Kansas City 
Dr. E. H. Schmidt 

218 W. Main St., Washington 
dr. A. M. Skeffington 

Arcade Bldg., St. Louis 


NEBRASKA 
Dr. Geo. A. Parkins 
Ord 
Dr. George E. Semerad 
717. Barker Bldg., Omaha 
Dr. Robert C. Sneller 
227 N. Denver Ave.. Hastings 


NEW HAMPSHIRE 
Dr. Melvin B. Dunbar 
21 Bank St., Lebanon 
Dr. Wendell Triller 


Hanover 


NEW JERSEY 

Dr. Henry H. Bisbee 

9 West Union St., Burlington 
Dr. William Boettinger 

625 Main Ave., Passaic 
Dr. George L. Brown 

Paulsboro 
Dr. John J. Brown 

88 Smith St., Perth Amboy 
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Dr. M. P. Costantini 


Dr. 
Dr. 
. Ralph B. Gaeta 


Dr 


Dr. 
Dr. 
Dr. 


468 Hamilton Ave., Trenton 
Paul Ellin 

21 Hamilton St., Paterson 

Henry J. Frank 

616 Landis Ave., Vineland 


260 E. Main St., Ramsey 

Ernest J. Giglio 

1Y Anderson Road, Bernardsville 
Morris Greenberg 

643 Wood St., Vineland 

E. Burton Hudson 

16 Holly Ave., Pitman 


Dr. Philip Jackman 


144 Main St., Hackensack 


Dr. G. J. Jukas 


135 Main St., South River 


Dr. Bernard B. Kushner 


1166 E. State St., Trenton 


Dr. Jerome S. Lasky 


420 Broadway, Long Branch 


Dr. Louis I. Levinson 


93 Market St., Salem 


Dr. E. E. Linke 


235 Main St., Orang 


Dr. Ralph L. Marshack 


786 Broad St., Newark 


Dr. George M. McEneany 


Dr. 


60) sangs Ave., Asbury Park 
Leslie Mintz 
71 Market St., Passaic 


Dr. H. L. Moss 


115 Main W oodbridye 


Dr. Arthur R. Neale 


Dr 


140 Market St., Paterson 


. Julius Neumueller, (Hon.) 


320 Rhoads Ave., Haddonfield 


Dr. Wm. H. Nicklin 


61 Sanhican Drive, Trenton 


Dr. E. C. Nurock 


Dr 


Dr 


Dr 
Dr 
Dr 


162 W State St. Prenton 

. H. M. Ratliff 

Citizens Bldg., 46 Bayard St., 
New Brunswick 

. L. M. Ratliff 

Citizens Bldg., 46 Bayard St.. 
New Brunswick 


. Earl H. Ridgeway 


50 W. State St Prenton 


. William P. Schumann 


511 Landis Ave., Vineland 


. George Sheppard 


10 Scott St., Riverside 


Dr. Harold Simmerman 


Dr 


107 Mantua Avenue, Wenonah 


. R. Slovis 


155 Lexington Ave., Passaic 


Dr. Martin R. Snook 


62 Main St.. Newton 


Dr. S. Benjamin Sobel 


1151 Main Ave., Clifto: 


Dr. John A. Steeve 


Dr 
Dr 


The Ward Homestead, Maplewood 


. Rudolph T. Textor 


I.yons Place, R. D. No. 1, Basking 


. Turner O. Veith 


21 Jefferson Ave, Tenafly 


Dr. Laurence A. West 


f'wo Highland Ave, Jersey City 


Dr. W. A. Wirth 


74 W. Front St., Red Bank 


Dr. Joseph Wurtzel 
141 Market St., Perth Amboy 
Dr. W. Zoltan 


393 George St., New Brunswick 


NEW YORK 


Dr. M. J. Almstead 
21 Van Buren St., Weedsport 
Dr. L. Lester Beacher* 
33 West New York 
Dr. Edwin W. Bechtold 
School of Optometry 
Columbia University 
132 West 60th St., New York 
Dr. H. C. Best 
7563 185th St., Flushing 
Dr. B. H. Bohall 
63 West Bridge St., Oswege 
Dr. Charles C. Bradley 
96 Main St., Batavia 
Dr. Harold R. Bryan 
28 S. Main St... Gloversville 
Dr. Milton N. Chodroff 
One Hanson Place, Brooklyn 
Dr. Charles E. “ox 
434 State St., Schenectady 
Dr. Ralph L. Dublin 
68 Lapham Park, Webster 
Dr. Wm. Feinbloom* 
130 74th New Yorl 
Dr. Isidore S. Finkelstein* 
1501 Broadway, New York 
Dr. Harold M. Fisher 
527 Fifth New Yort 
Dr. S. C. Frank 
1674 President St., Brooklyn 
Dr. Richard H. Fuller 
OOS Keith Theatre Bldy Syracuse 
Dr. Benjamin Gold 
(One Hanson Place, Brooklyn 
Dr. Paul E. Grattan 
50 Broad St., Waterford 
Dr. Abraham L. Graubart 
Suite 1 & K 
150 Bennett Ave., New York 
Dr. Alden N. Haffner 
156 kast 54th St Brooklyn 
Dr. Sidney S. Haniford 
289 W. Ferry St., Buffalo 
Dr. Milton M. Harmon 
32 Linden Lane, Geneva 
Dr. Norman B. Hays 
717 Main St., Niagara Falls 
Dr. Leo Hirshberg 
300 West End Ave, New York 
Dr. A. A. Hubal 


406 Union St... Schenectady 
Mr. Fred W. Jobe 
Bausch & Lomb Optical Company 
Rochester 
Dr. Alfred Lit 
School of Optometry, Columbia University 
132 West 60th St.. N York 
Dr. E. J. Margaretten 
60 Hudson St., New York 
Dr. Roy Marks 
Shuron Optical Company Rochester 
Dr. John W. Moge 
tank of Manhattan Bldg., Flushing 
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Comdr. F. P. Mooney 
MSC,USN, U. S. Naval Hospital, 
St. Albans 
Lt Eugene W. Nirk, USAF (MSC) 
71000h USAK-Hospital 
6338. Ne 


Dr. Ernest Petry 


134 Ameridge Park, Rochester 


Ir. Edwin H. Reese 

Medical Arts Bidg., Glens Falls 
Capt. Alvin E 

(,eneral Hospita 

~ 

Dr. Harris Ripps 

cle t.. Rego Varh 
Dr. Nathan ry Robbins* 

211 Linwood Ave., Buffalo 
Dr. Bernard Rosett 

102-08 Ave bore Hills 
Dr Joseph M Roth 

1K39 Paln Larchmont 
dr. E. LeRoy Ryer 

527 Fifth Ave., New York 
Dr. Herman Sager 

(syroscope Co., Lake Success 

Dr Arthu M Scherr 


20 Romer Ave., Pleasantville 


Mr. R.A Sherman 
It h and Lomb Optical Co., Rochester 
Dr. Harold Solan 
1187 Gsrand Concourse, New 
Dr. Edward Steinberg 
450 Seventh Ave., New York 
Comdr. R Roswell Sullivan USN 
lrclustrial Me Divi 
x4 St... Brooklys 
Dr. C. L. Treleaven 
school of Optometry, Columbia Univ, 
132 West 60th St.. New York 
Dr. Ralph L. Ueberall 
MM 4th Ave 
Dr. 1. Irving Vics* 
tert \ve \lIbany 
Dr. Eugene Wiseman 
186 Lero \ve Buttalo 
Ir. Daniel Woolf 
Dr. Jean Zerbe 
Radelitf ‘ bast Norwt 


NORTH CAROLINA 


Dr. James O. Baxter, Jr. 


10 Mi St 
Dr. L. Calhoun 
Box 310, Forest City 


Ir. J. T. Campbell 


W ishington 


Dr. Horace Carpenter 
Harris Bldg., Rutherfordton 
Dr. Louise C. Chandler 


Box 310 Fore 
Henry B. Day 
} Security Bank Bldg., 


t City 
Dr 


of Raleigh 


Dr. Henry B. Day, Jr.* 

Revnolds Blde., Winste 
Dr. Jule S. Deans 

Deans Bldg, 904% B. St 


North Wilke sboro 
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Dr. T. E. Donoghue 
205 W. Nash St., Wilson 
Preston W. Green 
Mount Airy 
Dr. James H. Grout 
Professional Bldg.. 
Dr. John T. High 
140 No. Franklin St., 
Dr. George C. Hodgens 
402-403 Odd Fellows Bldg, 
Dr. T. E. Holleman 
505 O'Hanlon Bldg., Winston Salem 
Dr. Mordicai Katzin 
Jacksonville 
Dr. G. L. Lang 
7% So. Union St., 
Dr. John C. Lockard 
28% Battery Vark Ave. Ashville 
Lt. Comdr. John E. Milloy, MSC, USNR 
U.S. Naval Hospital, Camp Lejeune 
Jac } sonville 
Dr. Richard A. Needles 
101 East Market St., 
Dr. J. Smith Nifong 
105 Old Lexington Road, Winston-Salem 
Dr. W. W. Parker 


Dr. 


Charlotte 
Rocky Mount. 


Raleigh 


Concord 


(sree nsboro 


Badwer MclLead Bldg... Lumberton 
Dr. Robert J. Pearce 

504 Banner Bldg., Greensboro 
Dr. J. D. Perry, Jr. 


304 O'Hanlon Bldg, Winston Salem 
Dr. E. O. Roland 

Brevard 
Dr. John R. Schafer 

First Natl Bank Bldg., Statesville 
Dr. J. Hugh Sowder 

North Wilke 
Dr. Oswald M. Sowers 

14 O'Hanlon Bldy 
Dr. Gary B. Tourjee 

Morehead Street 
Dr. Nat Walker 

147% So. Main St., 
Dr. Lee M. Wheless 

403 Security Bank Bldg., 


St sbore 
Winston-Salem 

Arcade, Reidsvilk 

High Point 


High Point 


NORTH DAKOTA 
Dr. John H. Branchaud 


Cavalier 


Dr. M. A. Bursack 


502 Black .Bldg., Fargo 
Dr. J. K. Galloway 
Devils Lake 
OHIO 


. Nelson E. Abrahamsen 
2808 Clark Ave., Cleveland 
Dr. R. C. Baxter 

246 Washington St 
Dr . Lois B. Bing 

277 Bly d 
Dr. Paul S. Blum 
| quit ible Bldw., Lancaster 
. Frederick W. Blume 
43 Parkview, Logan 


Dr. B. H. Bordwell 
Gaas & Electric 
106 


N. E., Warren 


Cleveland 
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Dr. Roger G. Boyd 
220 \\ Main Fairborn 
Dr. Robert John Bray 
367 The Arcade, Cleveland 
Dr. W. S. Brent 
228 Second St. N. W., Barberton 
Dr. Samuel S. Campbell 
312 Sinclair Bldg., Steubenville 
Dr. Wilson Rukenbrod Day 
922 First National Bank Bld¢g., 
Dr. R. A. Dister 
717 United Bank Bldg., Cleveland 
Dr. L. D. Dolbear 
522%, Broadway, Lorain 
Dr. V. J. Ellerbrock* 
School of Optometry 
The Ohio State University, Columbus 
Dr. Donald T. Elliott 
2596 N. High St., Columbus 
Dr. Jay M. Enoch 
School of Optometry 
The Ohio State University, Columbus 
Dr. A. C. Evert 
13105 Miles Ave., 
Dr. J. E. Fitzgerald 
617 Schotield Bldg., Cley 
Dr. Glenn A. Fry 
School of Optometry 
The Ohio State University, Columbus 
Dr. Jack M. Fugate 
261 N. Chillicothe 
Dr. William M. Gabel 
1051-A Linden Ave., 
Dr. Carroll D. Gaver 
711 N. Limestone Spring he ld 
Dr. Frank M. Giannantonio 
11328 Euclid Ave., Cleveland 
Dr. D. S. Goldschmidt 
129 N. Court St., Circleville 
Dr. J. Greger 
5834 Broadway, Cleveland 
Dr. Sylvester K. Guth 
General Electric Company, 
Nela Park, Cleveland 
Dr. Howard F. Haines 
74 South Third St.. Columbus 
Dr. R. M. Hall 
419 National City Bank Bldg., Cleveland 
Dr. Phillip R. Haynes 
x0 Rive rdale Road, Ne wark 
Dr. T. R. Hedges 
404 Columbus Ave., Sandusky 
Dr. E. L. Higgins 


Canton 


Cleveland 


Plain City 


Dayton 


418 National City Bank Bldy., Cleveland 
Capt. Jerome A. Hirsch 
95 Dickman Drive, Daytor 


Dr. William G. Hites 
Boardman Medical Center 
6960 Market St.. Youngstown 
Dr. Kenneth A. Hoose 
(;etz Block, Kent 
Dr. Richard Lee Hopping 


Doctors Bldy., 2676 Salem Ave " Davtor 


Dr. John R. Hubbard 


1526 Wooster Road, Rocky River 
Dr. D. G. Hummel* 
418 National City Bank Bldg., Cleveland 


Dr. W. M. Inskeep 
145 No. High St., Columbus 

Dr. George F. Jones 
1135 


5 KE. State St., Salem 


DIRECTORY 
Dr. M. H. Kauhl 


418 National City Bank Bldg., Cleveland 
Dr. lL. W. Kinsey 
31 East College St., Alliance 


Dr. George W. Knox 
School of Optometry, 
The Ohio State University, Columbus 
Dr. Paul L. Magnuson 
116 FE. Main St.. Lancaster 
Dr. Robert K. Morrison 
12%. West Winter St.. Delaware 
Dr. Herbert G. Mote 
208 East State St., 
Dr. Roy E. Myers 
208 East State St., 


Dr. Wayne Northrup 


Columbus 


Columbu 


109 Main St.. MeConnellyville 
Dr. J. S. Nupuf* 

1342 N. Cleveland St., Canton 
Dr. William D. Paisley 

117 W Second St.. Ashland 
Dr. J. F. Pocock 

Y West Main St., Chillicothe 


Dr. Jack Harvey Prince 
Dept. of Opthalmology, 
The Ohio State 


Medical School, 
University, Columbus 
College Ave., Westerville 
Dr. Kenneth G. Robinson 

105 N. Court St., Medina 
Dr. A. John Rose 

227 Main St.. Chardon 
Dr. A. J. Rowe 

4248 Pe arl Road, ( leveland 
Dr. K. S. Rowe 

225 W. Center St., Fostoria 
Dr. Arthur A. Schmidt 

408 Hippodrome Bldg., Cleveland 
Dr. O. A. Schuessler 

826 Provident Bank Bldg., 

Cincinnati 
Dr. William A. Sherard 

1009 Whittier St., Columbus 
Dr. Wm. B. Simukka 

128 North Chestnut St.. Ravenna 
Dr. Alpheus W. Smith, (Hon.) 

Dean of Graduate School 

The Ohio State University, Columbus 
Dr. H. C. Snyder 

3307 Harrison Ave., Cheviot 


Dr. H. Riley Spitler 


Dr. W. Burnley Stephens 
159 \W Lhird St Dayton 
Dr. Richard B. Studebaker 
2525 kKarhills Ave Dayton 


Dr. J. Maurice Wareham 
Dowds-Rudin Bldg., Mount Vernon 
Dr. M. Weitzenhof 
Huntsburg 
Dr. Robert E. Welsh 


79 East State st Columbus 
Dr. H. Edward Welton 
2587 th Cleveland 


Dr. Gerald Westheimer 
School of Opt 
The Ohio State Unversity. Columbus 

Dr. John J. Wey 
Painesville 

Dr. Joseph A. Wey 
177 Main St., Painesville 

Dr. P. A. Wilkinson 
120 Main St., Wellington 
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iC ADEMY 


Dr. M. S. Willis 
Elyria Saving & Trust Bldg., Elyria 
Dr. John Zettel, Jr. 


612 Enquirer Bldg, Cincinnati 


OKLAHOMA 

Dr. E. B. Alexander 

Duncan 
Dr. G. W. Clay 

Ardmore 
Dr. W. S. Farmer 

71% Hales Bidg., Oklahoma City 
Dr. Edmund F. Richardson 


Duncan 


OREGON 

Dr. Harold M. Haynes 

School of Optometry, 

Pacific University, Forest Grove 
Dr. Charles A. House 

2014 Broadway Sake 
Dr. C. B. Margach 

School of Optometry, 

Pacific University, Forest Grove 
Dr. Carol B. Pratt 

School of Optometry 

University 
Dr. James F. Wahl 

‘ ot (Optometry 


borest Grove 


niversit Forest Grove 


PENNSYLVANIA 

Dr. Robert J. Beitel, Jr. 

Launder t \llento 
Dr. A. H. Borland 

Leniple Mor New Castle 
Dr. Harold Brande 

1218 Lith Se \ltoona 
Dr. David Brezel 

1320 South Broad St 
Dr. Jacob Cohen 

2127 } Washington Lane 
Dr. Alvah R. Cooley 

Parry Blidg., Langhorn: 
Dr. Gilda L. Coppola 

1302 Morris St., Vhiladelphia 
Dr. J. E. Crozier 

322 Frankford Ave., Philadelphia 
Dr. Robert LeGrand Dewey 


Philadelphia 


Philadelphia 


So. Front St, Philipsburg 
Dr. Elmer H. Eger 

Oellig Bldg., Corapoli 
Dr. John D. Engle 

603 Markle Bank Bld, Hazeltor 
Dr. H. Ward Ewalt, Jr. 


Jenkins Arcade Bldg., Pittsburgh 
Dr. Theodore H. Feinman 
604 Monongahela Ave., 
Dr. Albert Fitch, (Hon.) 
Pennsylvania State College of Optometry 
12th & Spencer Ave, Philadelphia 
De. Lawrence Fitch 
Pennsylvania State College of Optometry 
12th and Spencer Ave., Philadelphia 
Dr. Benton Freeman 
911 Hamilton St., Allentown 
Dr. Luther A. Garns 
5433 Chester Philadelphia 


Glassport 


GEOGRAPHICAL DIRECTORY 


Dr. E. J. Gording 
1015 Graham Ave., Windber 
Dr. David S. Hamilton 
3433 Chester Ave., Philadelphia 
Dr. Wayne Helmbrecht 
Second Ave. at East St., Warren 
Dr. Robert James Johnson 
401 Main St., Latrobe 
Dr. Harry Kaplan 
1544 Pratt St., 
Dr. Herman Klein 
210 Dauphin Bidg., Harrisburg 
Dr. J. Donald Kratz 
158 Washington Ave., Souderton 
Dr. George A. MacElree, Jr. 
6034 Ogontz Ave., Philadelphia 
Dr. Edwin H. Manwiller 
5224 Spruce St., Philadelphia 
Dr. Russell S. Manwiller* 
5224 Spruce St. Philadelphia 
Dr. Wm. J. McEvoy 
15 E. State St., Doylestown 
Dr. John C. Neill* 
512% N. Broad St., Philadelphia 
Dr. R. C. Phillips 
909 Third Ave., New 
Dr. Wm. W. Policoff* 
68 S. Franklin St., Wilkes-Barre 
Dr. Onofrey G. Rybachok 
Pennsylvania State College of Optometry 
12th and Spencer Ave., Philadelphia 
Dr. Arthur Shlaifer 
Pennsylvania State College of Optometry 
12th and Spencer, Philadelphia 
Dr. F. W. Sinn 
Pennsylvania State College of Optometry 
i2th & Spencer Ave., Philadelphia 
Dr. Robert Spreat 
Pennsylvania State College of Optometry 
12th and Spencer, Philadelphia 
Dr. Frank M. Stever 
1109 West Main St., Norristown 
Dr. John C. Stull 
Washington 
Dr. Fred W. Sutor 
12 So. 12th St . 
Philadelphia 
Dr. Irving J. Suttin 
114 East Main St., Carnegie 
Dr. I. Teitelbaum 
507 Diamond Bivd., Johnstown 
Dr. R. R. Van Kirk 
122 West Ist St., Oil City 
Dr. Gordon W. Venable 
16 Armat St., Germantown 
Philadelphia 
Dr. A. D. Venuto 
1548 bk. Passyunk Ave 
Dr. William O. Vivian 
28 East 3rd St., Media 
Dr. William G. Walton, Jr. 
Pennsylvania State College of Optometry, 
12th and Spencer Ave., Philadelphia 
Dr. John R. Wittekind 
Box 5, Morrisville 
Dr. Richard J. Wixson 
8 West Sunbury St... Shamokin 
Dr. Arthur G. Wright 


137 W. Louther St.. Carlisle 


Dr. N. A. Zevin 
1924 Main St 


Philadelphia 


Brighton 


Suite 1109 


Philadelphia 


Northampton 
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PUERTO RICO 
Dr. William J. Denton 


Ponce de 1708, Santuree 


leon 


RHODE ISLAND 


Dr. Kenneth Armstrong 


404 Woolworth Blde., Providence College of Optometry, University of 
Dr. J. A. Bainton Houston, Houston 
268 Westminster St., Providence Dr. Mark Pomerantz 
Dr. Thomas Costa Sinton 
334 Westminster St., Providence Dr. J. G. Shelton 
Dr. Lester L. Thomas Littlefield Bldg., Austin 
Stadium Bldg., Woonsocket Dr. Charles Reese Stewart 
Colleze of Optometry, University of 
SOUTH CAROLINA Houston, Houston 
Dr. Ira E. Woods 
Dr. L. Wayne Brock 3 
406 LFD Drive, Littlefield 
338 No. Main St., Greenville Dr. Ralph Wool 
Dr. W. C. Ezell 
\ndrews Bldg., Spartanburg 205-206 Palace Drug Bldg., Olney 
Dr. Ned P. Hobbs 
119 ¢ neotos SHITE “ane alla 
Dr. Clifford C. Johnson 
Andrew Blde., Spartanburs VERMONT 


Dr. George C. Wise 


1312 Sixth St.. Hartsville 


SOUTH DAKOTA 
Dr. P. O. Dickinson 


Dr. Bernard Mazow* 
4118 Fannin Houston 
Major Floyd M. Morris, 
USAI School ot 
cine, 
Randolph Air Force 
Dr. Chester H. Pheiffer 


4 


Dr. Walter I. Auber 

8 Hillerest Road, Springfield 
Dr. Leland G. Chase 

10 Summer St., Springtield 
Dr. Alan E. Evens 


226 Midwest Bld \berdees 439 Main St.. Bennington 
Dr. Donald P. Hines Dr. Laurence P. Folsom 
1114 Main St., Sturgis South Royalton 
Dr. Charles J. Kruger Dr. Douglas F. Green 
8, West Main St., Vermillion 187 Bank St., Burlington 


Dr. Donald D. Slater 
Evans Hotel Bldg., Hot Springs 

Dr. John R. Uglum 
109 Fourth 


Dr. Ralph E. Wick 


Mitchell 


Woolworth Bldg, Rapid City 6 No. Winooski Burlingtir 
Dr. Frederick L. Wyman 
TENNESSEE 65 Grove St. Rutland 
Dr. M. E. Broom 
Southern College of Optomet: VIRGINIA 


1246 Union Ave Memphis 
Dr. Irving P. Filderman* 


811 Three Sisters Bldg., Memphis 


Dr. B. E. Kehl 


Dr. A. B. Jordan 
srattleboro 

Dr. Katherine Jordan 
Brattleboro 

Dr. G. F. Preston 


Dr. H. E. Cross 
202 Doniphan Bldg, 
Dr. Carl A. Kauffman 
144 No. Main St... Suffolk 


Sor inicle P 
Dr. William W. Royall, Jr. 
133 28th St.. Mewport News 
TEXAS Dr. James P. C. Southall, (Hon.) 
Dr. B. W. Armistead Edgewood Lane, University 
406 LFD Drive, Littlefield Charlottesville 
Dr. Wilma Baber 
9 Surne St Vic a Falls 
1] irnett , Wichita Fall WASHINGTON 


Dr. Glenn S. Burk 
106 LED Drive, Littlefield 
Dr. Darrell B. Carter 
Collewe of Optometry 
Houston, Houston 
Dr. Wm. L. Cheatham, Jr. 
307 Shell Bldg, Houston 
Dr. Nelson Greeman 


University 


Lt. Comdr. Paul k. Kent 
MS¢ USN, S 
Bremerton 

Dr. G. F. Kintner 
Linden 

Dr. H. L. Thomas 
Wenatchee Valley Bank Bldg 


Alexandria 


Naval Hos 


Aviation 
Department ot Opthalmology, 


Medi 


Majestic Bldg., San Antonio 
Dr. William C. Kramer Wenatchee 
924 Prescott St.. Kerrville Dr. J. Wolff 
Dr. S. K. Lesser 205 Rookery Bldg., Spokane 
107 Insurance Bldg., Fort Worth Dr. Francis A. Young 
Dr. Max Levy, Jr. Department of Psychology, State College 
4411 Montrose Blvd, Houston of Washington. Pullmar 
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WEST VIRGINIA MANITOBA 
Dr. John Townsend Collins Dr. William M. Lyle 
Le 233 Vortage Ave... W innipeg 
Dr. Edward Fisher Dr. Thomas A. Norquay 
Market St., Parkersburs 435 Main St., Selkirk 


Dr. Wm. Greenspon 
Elks Ble Ig., Blue field 
Dr. W. M NEW BRUNSWICK 


Isiminger 
02 Jetfer Ihe Dr. Warren H. Maxwell 


Dr. J. 1. Rodgin 76 York St., Fredericton 


NOVA SCOTIA 


WISCONSIN Dr. Coleman G. Lecker 
Dr A N. Abbott 183 Charlotte St., Sydne 
chutz-Carr Bldg. Shawano Dr. John J. Mulrooney 
Dr Martive Brenne 20 Quinpool Road, Halifax 
iy, M t. M tow 
{ ty of W in, Madison Dr. E. F. Attridge 
Dr. Theme Eber! 2955-A Dundas St. W.. Toronto 
414 Wisconsin Tower, Milwaukee Dr. Irving Baker 
Dr Robert 1438-B Yonye St.. Toronto 
13 B a Falls Dr. Maurice E. Barre 
Dr Marshall A. Marvelli 93 Dunlop St., Barrie 
106 East ¢ Ave, | Claire Dr. G. M. Belanger 
Dr. Herman J. Raile 45 Rideau, Ottawa 
330 Main Menomonis Dr. C. W. Bobier 
Dr. Robert F. S« horsinan: Collewe of Optometry ot Ontario 
Bld Little Chute 140 St. George St... Toronto 


Dr. Carl A. Class 


Front St Strathroy 


WYOMING Dr. E. J. Fisher 
College of Optometry of Ontario 
J a Lane 140 St. Greorwe St loronto 


astle 
. Dr. Douglas B. Freeman 


203 Brant St.. Burlington 
Dr. George W. Keevil 
12 Bloor St. F Toronto 
Dr. Walwyn S. Long 
College of Optometry of Ontario 
ALBERTA 140 St. George St loronto 
Dr. F. G. Ottaway 
2434 Yonve St Toronto 
Dr. Cedric Passmore 
247 Dundas St london 


MEMBERS IN CANADA 


Dr Erlanger 
I 


clnionte 


Dr w Findlay 


Di St inley Cc 7 Wallond 

é 

Dr James G Rowand Bloor "Wen oronto 
707 exler Pld dmontor 


Dr. Arthur H. Tweedle 
305 King St.. Midland 
Dr. George Spence Wonnacott 


BRITISH COLUMBIA 217 Pinnacle St., Belleville 
Di Cox 


QUEBEC 


iit 


Dr Ian Dr. Charlemagne Bourcier 
| rel Ave lrinee (,eorwee 1735 st Denis Montreal 
Dr. Norman M Lillos Dr. E. Henri Cote 
320 Colur t. New Westminster 6205 Monk Blvd., Montreal 
Dr. Duncan G Tennant Dr. Gerard Gauthier 
Room 605 st \ ancouver 2104 Mount Royal, Montreal 
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Dr. Emmanuel Gobeil Mr. R. L. Freeman 
44 Rue St. Jean-Baptiste, Montmagny 7 Church St., Liverpool, England 
Dr. Jean Jolin Mr. George H. Giles, Secretary 


198 St. Joseph, Waterloo British Optical Association 

Dr. Edgar Lussier 65 Brook St., London W.1, England 
6691 St. Hubert St., Montreal Mr. John Calder Gillie 

Dr. J. Armand Messier 4 Northumberland Place, 
School of Optometry North Shields, England 
University of Montreal, Montreal Mr. Robert Green 

Dr. Yves Papineau 13 Whickham Ave. Dunston Gateshead 
66 St. Jaques, St. Jean II, ¢ ounty Durham, England 

Dr. Raymond Louis Philippe Mr. K. Clifford Hall 


310 St. Georges St., Saint Jerome 140 Park Lane, London ‘V. 1, England 
Dr. Andre Senecal : Mr. Robert R. Hines 
277 Est, Rue Ste Catherine, Montreal Chambers, 220 Wolverhampton 
Dr. Reynold Seneca) St., Dudley, Worcestershire, England 
8039 St Denis, Montreal Mr. Humphrey Hughes 
; 26 West St. Por typridd 
Glamorgan, England 


Mr. Albert Johnson 
SASKATCHEWAN Turner St.. Blytl 
Northumberland, England 


Dr. Jack F. Huber : i 
513 McCallum-Hill Bldg., Regina 

Dr. Stephen A. Kosak 
303 MeCullum-Hill Bldg., Regina 

Dr. Hugh D. MacKenzie Mr. Geoffrey D. McKellen 
513 McCallum Hill Bldg., Regina 


Mr. Cyril J. Pettet 
428 High Road, Leytor 
London, England 


Mr. John Murray Rusk 
OVERSEAS MEMBERS 59, Newmarket St., 


Ayr, Ayrshire, Scotland 


Mr. Euin Steel 


Mr. Arthur W. S. Armitage Mr. A. E. Turville 
128 Regent Rd., Leicester, England 108 Abington St., Northampton, England 
Mr. Geoffrey Vernon Ball Mr. T. W. Watts 
Dept. of Physics & Mathematics, Castle Noor 
Birmingham, England Mr. Stuart B. Whitehead 
Mr. Eric Bateman 3 Bridge St., Fakeham, 
Norfolk, England 


Higher Market St 

Looe, Cornwall, 
Mr. Norman Bier 

23 Manchester St., 

London W. 1., England 
Mr. Albert J. Billson 


Miss Isabella Mary Whitney 
108 Abington St., Northampton, England 


> Newmarket St., Ayr, Scotland 

Mr. Albert S. Bilison BRITISH WEST INDIES 
> Newmarket St Avr, Scotland Dr. Vernon Kenneth Lee 

Mr. S. Black Gant vill St 
53, Melrose Road, West Hill, London Port of Spain, 7 rinidad 


Mr. G. A. Brock 
32 Eagle Road, Brislington. 
sristol, England 


Mr. William Ellis Brown 


1k Russell Road, 

Rhyl, North Wales, England GERMANY 
Mr. S. C. Burnley ) ter Abel 

Borough Chambers, Hinckley, 

Leicestershire, England 


Mr. Wilfred G. B. Colls 


46 Je smond Road, Newcastle-on Tyne 2 
Northumberland, England 
Mr. Frank Dickinson 


35, The Square, 

St. Annes-on-Sea, England IRELAND; 
Mr. H. Freeman Mr. John Margetts 

493 Roman Road, l.ondon E. 3, England 3 kalliam St... Gal 
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NORTH IRELAND: STRAIT SETTLEMENTS* 
Miss Francis Jane Jackson Dr. Kenneth Edward Meyer 
lvemount Lal ! ‘ la 6 Raffles Place, Singapore 
Count Down, Belfast, Ireland 
VENEZUELA 
SOUTH AFRICA Dr. H. Lytton-Joseph 
Mr. Arthur L. Savell Calle Nueva No. 19 
xy | pepe lenner ( (abima Estade Zulia 
*The asterisk denotes that the member is a 
Diplomate of the Contact Lens Section of 
SWEDEN t! e American Ay ade mv of ¢ Iptometr y 
Dr. Bengt Burman +Members of British Chapter \merican 
tation ta hellette Academy ot Optometry 


ANNOUNCEMENTS 


UNIVERSITY OF HOUSTON, COLLEGE OF OPTOMETRY 


Ihe program of a sixth year leading to a Doctorate of Optometry 
degree is open to graduates of other schools of optometry who possess 
an academic bachelor's degree’ The University of Houston College of 
Optomeiry welcomes inquiries concerning this special program towards 
the Doctorate of Optometry degree. ‘The regular five-year program at 
the University of Houston leads to a Bachelor of Science degree at the 
end of the fourth year and to a Certificate of Completion in Optometry 
ut the end of the fifth year which meets the legal requirements for the 
practice of optometry. The Doctorate of Optometry degree is granted 


for an optional sixth year 


ASSOCIATION OF SCHOOLS AND COLLEGES Ol 
OPTOMETRY 


I he annual meeting of the Association of Schools and Colleges of 
Optometry will be held at Miami, Florida, June 17-18. These ASCO 
dates follow the annual Congress of the American Optometric Asso 
ciation which will be held in the same city. Dr. Morton Abram, Illinois 
College of Optometry, has been appointed chairman of the Committee 
on Arrangements for the A S.C_O. meeting, by president, Dr. Henry W 
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WESLEY-JESSEN 


we are giving two type 
and B = 
in the fitting 


The B Course will be f 


This year 
are called courses / 
rse 


of courses 

» will be 
The A Course w 
or thon fitters in the field 


or those our service to the 


You Are 


Invited to Our 


COMPREHENSIVE 


FITTING SEMINARS 


a beginning cou 

. = — urse 
Jessen Mic rolense The Wesley 
formerly takermiliar with our field 
an tos be “The B Course will cover the TH 
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fitting the le 


developments In the field, 


STATE & CITY 


and it will cover 


DATE 


specialties 
Telescopic fitting. 


SECOND PORTION SPRING SCHEDULE 


tic Contact Lens 
and Keratoconus fitting. 
PN permanent part o 
In this manner, 
service to the men in 


YOU SIGN UP 


s such as Cosme 


» B course 
to have 4 complete 


BE CERTAIN THA’ 
iE RIGHT COURSE 


TYPE 
COURSE 


TIME HOTEL 


Kentucky 
Louisville 


Tennessee 
Nashville 
Knoxville 
Chattanooga 

Georg:a 
Atlanta 

North Carolina 
Charlotte 

South Carolina 
Columbia 
Charleston 

West Virginia 
Charleston 


Ohic 
Cincinnats 


Vote: Encircle the course 


date on your calendar. 


Wad Columbus 
Your Cleveland 
Akron 
-. 
egistration “Joday 
Pennsylvama 
Pittsburgh 
NO CHARGE Philadelphia 
Michigan 
ntient Clinics! Detroit 
New York 
ekdays 3:30 p.m. to 5:00 p.m. Buffalo 


Syracuse 


days 10:30 a.m. to noon Rochester 


New York 
vou have patients for us to see for 
her a beginning fitting or a consul Maryland 
ion, please contact us beforehand Baltimore 


an appointment. For these patients 
have set up a separate time. If the 
irse will be given during the week, 


District of Columbia 
Washington 


clinic hours will be from 3:30 p.m Virginia 
»:00 p.m. If the course will be given Richmond 
Norfolk 


a Sunday, the clinic hours will be 
m 10:30 am. to noon. BE SURE 
WRITE TO US BEFOREHAND 
R AN APPOINTMENT FOR 
UR PATIENT. Also, do remember 


bring your patient's case history 


New Jersey 
Newark 


Connecticut 
Hartford 

Massachusetts 
Boston 


THE PLASTIC CONTA 


RECOGNIZED AUTHORITIES 


Sun, April 15 | 1:00p.m.to 500pm A&B | Henry Clay 


Sun, April 15 | 1:00p.m.to 5 00pm A 
Mon., April 16 | 7:00 p.m. to 10:00 p.m A Andrew Jackson Hotel 
Mon., April 16 | 7:00 p.m. to 10:00 p.m A 


Tue., April 17 | 7:00 p.m. to 10:00 pm A&B | The Dinkler Plaza 


Wed. April 18 | 7:00 p.m. to 10:00pm A Hotel Charlotte 
Wed., April 18 | 7:00 p.m. to 10:00 p.m A Hotel Columbia 
Wed, April 18 | 7:00 p.m. to 10 00 pm A Fort Sumter Hotel 


Fri, April 20 7:00 p.m. to 10:00 pm A&B | The Daniel Boone 


Sun., April 22 | 1:00pm.to 500pm A&B 
Sun., Apri 22 | 1:00pm. to 500pm A&B 
Fri., April 27 7:00 p.m. to 10.00 p.m A&B | Hotel Statler 
Fri, April 27 7:00 p.m. to 10:00 p.m A&B 
May 17 | 7:00 p.m. to10 00pm A&B 


Wed., April 25 | 7:00 p.m. to 10:00 p.m A&B | Hotel William Penn 
Wed , June 6 7:00 p.m. to 10:00 p.m A&E 


Sun., May 20 1:00 p.m 


Tue, May 22 7:00 p.m. to 10.00 pm A 
Wed, May 23 7.00 p.m. to 10:00 p.m A 
Thur., May 24 | 7 00pm. tol0 00pm 
Thur, June 7 100p.m.to 500pm A 


Sun., June 3 1:00 p.m 
Sun., June 3 1.00 p.m 


Mon., June 4 7:00 p.m. to 10:00 pm A&B 
Mon., June 4 7:00 p.m. to 1000 pm A&B | Commodore Moury Hote 


Thur., June 7 1.00 p.m 


Sun, June 10 | 7 00pm tol0 00pm A&B | Hotel Statler 


Sun., June 10 | 7:00 p.m. to 10:00 pm A&E | Hotel Statler 


CT LENS 60 
PRACTICAL 


&B | Dinkler-Andrew Jacksor 


Hotel Patten 


Netherland Plaza 
Deshler Hilton Hotel 


Portage Hotel 
Commodore Perry Hotel 


2 | Adelphia Hotel 


0 500pm A&B | Hotel Statler 


B Hotel Statler 

B Hotel Syracuse 
B 

B 


The Sheraton Hotel 
Hotel Roosevelt 


w 


0 500pm A&B | Lord Baltimore Hotel 


0 500pm A&B | Hotel Statler 


Hotel John Marshall 


00 p.m A&B The Douglas Hotel 


Schedule 


Year after year, Therminon Ophthalmic 


Lenses provide the perfect QUALITY your 


professional standards demand because 


they come... 


FROM THE WANDS OF CRARTSMEN 
\ 


dent, Therminon Lens Corporation: 
“We regard your prescription for 
Therminon Lenses as a demand upon 
us for the finest ophthalmic lenses in 
America. We are constantly aware 
that the quality of our lenses must 


reflect the highest standards of the en 
profession we are proud to serve.” “Seas 


Therminon Lens Corporation 


63rd and University Ave. Des Moines, lowe 


HERING’S— 
SPATIAL SENSE and 
MOVEMENTS OF THE EYE 


The only English translation, by Carl A. 
Radde, O.D., F.A.A.O. 


An authoritative text presenting the funde- 
COMPLETE OPHTHALMIC mentals of binocular vision and ocular 
* 


movements. 


Sew tced. From the original German—a valuable ad- 
to the PROFE SSION dition to a library dealing with physiolog- 
x StlMitt GRINDING ical optics. Prepared as an Academy proj- 
MATERIALS ect. 
Bound in cloth... Mailed prepaid, $4. 


CONVENIENTLY LOCATED 
St Paul, Minn + Austin, Minn «+ Bemidji, Minn 


Watertown, 5.D. Grand Forks, ND AMERICAN ACADEMY OF OPTOMETRY 


THE WALMAN OPTICAL COMPANY 
229 Medical Arts Building Minneapolis 2. Minnesota 
FOUNDED IN NINETEEN HUNDRED FIFTEEN 


Foshay Tower Minneapolis 2, Minn. 


Where do the roads 
of ophthalmic progress lead? 


Scientific progress shows the right roads ahead more clearly with 
each passing year. This has been particularly true in the ophthalmic 
field. Those laboratories which have used only the quality products 
of the progressive manufacturer have found that they benefit and 
build both themselves and the doctors whom they serve. 
This has certainly been true in the case of corrected curve lenses 
Progressive laboratories everywhere stress their use —and they mean 
/ even more to the doctor and his patients. We lend our voice strongly 
/ to this suggestion. It is our firm belief that we serve better by sup- 
porting such recommendations. 
‘a __ . ‘ We also add our voice to those of the increasing numbers who are 
P ~~ advising the presc ‘iption of Continuous Vision Lenses in the practice 
‘ w”é of eye care. Produced on the excellent Univis Series of Corrected 
° Curves, CVs represent the ultimate in performance for a substantial 
percentage of presbyopic prescriptions. 


A COMPLETE Rx service 4 lwiu City OPTICAL COMPANY 


MINNEAPOLIS + MINNESOTA WILLMAR 


BIND “EM... 
and you'll 
find them! 


Keep your copies of the AMERICAN JOURNAL OF OPTOMETRY 


AND ARCHIVES OF AMERICAN ACADEMY OF OPTOMETRY 
always available for quick, easy reference in attractive book form. 


January through December, 678 pages, (12 issues) bound in the best grade 
buckram, imprinted with your name on cover for $3.65. Annual index at back. 


Ship your 1955 Journals to us by parcel post. We will return your bound 
volume within 30 days. 


Full remittance must accompany order. 


PUBLISHERS’ AUTHORIZED BINDERY SERVICE 
5811 West Division St. Chicago 51, Illinois 
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A stunning 1/10 12K Gold Filled and Zyl Style. In 6 colors, featuring the new 


Rep LAHN and GOLDEN BRown Pear. A jewel trimmed version is shown here. 
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A YOUTHFUL NEW STYLE 
TO PLEASE MORE PATIENTS 


Browline ® Frames 


IN 
THREE 
FASHION 
COLORS 


Seal Briar, Blue Eriar and 
Charcoal Briar — on coral or 
white 1/10 12K Gold Filled. 


Specify Widesite Corrected 
Curve Lenses ( White or Tone 
tex) for precision vision 


Shuron’s new RONDEB Browline Frame is especially designed for the 
growing group of feminine patients who seek more youthful-appearing 
eyewear. With its smartly upswept plastic top rims and graceful slipper- 
type temples, RONDEB has immediate appeal in its lighter, more femi- 
nine look. Its all-new shape and design offers an unusual opportunity to 


increase your combination frame business. 


Rondeb allows faster... easier service ... 
The precision construction of the RONDEB frame permits faster, more ac- 
curate fitting. Temples may be safely cold-bent for forming. interchange- 
ability features and uniform colors lower your inventory requirements. 
Ask your Independent Optical Supplier. 
SHURON OPTICAL COMPANY, INC. «© GENEVA, NEW YORK 
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